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(54) Color-change materials 

(57) A color-change material has a reversibly ther- 
mochrornic layer and a porous layer containing a low- 
refractive-index pigment. The color-change material 
changes its color in response to heat or water. The 
reversibly thermochrbmic 5 layer arid the porous; layer are 
superposed on each other, or the reversibly thermb- 
chromic layer and the porous layer are formed side' by 
side. Alternatively/ a color-change rnaterial has a sub- 
strate and formed thereon a color-changing porous 
layer including a reversibly thermochrorhic material, a 
low-refractive-index pigment, and a' binder. The reversi- 
bly ^ermochromic material and the pigment are dis- 
persed in the binder and tenaciously adherent thereto. 



CM 
< 

co 

o> 
o 

CL 

LU 



Primed by Xerox (UK) Business Services 
2.16.7/3.6 



♦BNSDOCIO: <EP 0910604A2 I > 



1 



EP 0 919 604 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

1. Held of the Invention 5 

[0001] The present invention relates to color-change 
materials. More particularly, this invention relates, to . 
color-change materials whose appearances change 
from their ordinary ones upon application of heat and/or 10 
a medium such as water. 

2. Description of the Related Art 

[0002] normochromic articles obtained by process- is 
ing reversibfy thermochromic materials have conven- 
tionally been used extensively in the fields of toys, 
ornaments, etc. On the other hand, converted papers 
are known which have a porous layer containing a low- 
refractive-index pigment and which, upon liquid absorp- 20 
tion, becomes transparent and develops a colored : 
image not seen in their ordinary state (see, for example, 
Unexamined Japanese Patent Publication No. Sho: 50- 
5097). 

* * - 25 
SUMMARY OF THE INVFNTION 

[0003] It is an object to provide color-change materials 
which employ a reversibly thermochromic material and 
a low-refractive-index pigment in combination and pro- 30 
duce, due to the combined use of these, a multiple 
effect not attainable by materials comprising either the 
reversibly thermochromic material or the pigment, and 
which are intended to be used in applications in the 
fields of toys and ornaments. 35 
[0004] According to the present invention, a color- 
change material comprises a reversibly thermochromic 
layer and a porous layer containing a low-refractive- 
index pigment; wherein the color-change material 
changes its color in response to heat or water. 40 
[0005] According to the present invention, a color- 
change material comprises a substrate and formed 
thereon a color-changing porous layer which comprises 
a reversibly thermochromic material, a fow-refractive- 
ind^x pigment, and a binder, the reversibly thermochro- 45 
rrric material and the pigment being dispersed in the 
binder and tenaciously adherent thereto. 
[0006] These color-change materials can effectively 
exhibit a variety of color changes based on a combina- 
tion of the function of thermally changing their colors so 
with changing temperature in an ambient-temperature 
range and the function of changing the degree of trans- 
parency between a transparent state and an opaque 
state upon application of a medium, e.g., water. Since 
these changes in appearance can be reversibly repro- ss 
duced repeatedly, the color-change materials can be 
used in applications in the fields of toys, designs, fash- 
ion, ornaments, eta 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] In the accompanying drawings: 

F>g. 1 is a vertical sectional view illustrating one 
embodiment of the color-change materials of the 
invention; 

Fig. 2 is a vertical sectional view illustrating another 
embodiment of the color-change materials of the 
invention; 

Fig. 3 is a vertical sectional view illustrating still 
another embodiment of the color-change materials 
of the invention; 

Fig. 4 is a vertical sectional view illustrating a fur- 
ther embodiment of the color-change materials of 
the invention; 

Fig. 5 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention; 

Fig. 6 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention; 

Fig. 7 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention;. 

Fig. 8 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention; 

Fig. 9 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of % the invention; 

Fig. 10 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention;, * 
Fig. 1 1 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention; , 

Fig. 12 is a vertical sectional view illustrating still a 
further embodiment ofthe color-change materials 
of the invention; V; 
Fig. 13 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention; 

Fig. 14 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention; 

Fig. 15 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention; 

Fig. 16 is a vertical sectional view illustrating still a 
further embodiment of the color-change materials 
of the invention; 

Fig. 1 7 is a schematic view showing a three-dimen- 
sional structure of a dry-process finely particulate 
silicic acid; and 

Fig. 18 is a schematic view showing a two-dimen- 
sional structure of a wet-process finely particulate 
silicic acid. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0008] Detailed description of the present invention 
will be described as follows. 

[0009] The present invention provides a color-change s 
material having a reversibly thermochromic layer and a , 
porous layer containing a low-refractive-index pigment 
and changes its color in response to heat or water. The.- r 
features of this invention reside, for example, in that the 
reversibly thermochromic layer and the porous layer io 
containing a.low-refractive-index pigment is superposed 
on each other; that the reversibly thermochromic layer 
and the porous layer containing a low-refractive-index 
pigment are formed side by side; that the color-change 
material is constituted by a substrate, the reversibly 75 
thermochromic layer formed on the substrate, and the 
porous layer formed on the reversibly thermochromic 
layer; that the color-change material has a substrate, 
the reversibly thermochromic layer formed on the sub- 
strate, the porous layer formed on the reversibly thermo- . 20 
chromic layer, and a reversibly thermochromic image 
pattern layer formed on the porous layer; that the color- 
change material has a substrate, the porous layer 
formed on the substrate, and the reversibly thermochro- 
mic layer. formed on the porous layer;. that the color- 25 
change material has a substrate, the porous layer 
formed on the substrate, the reversibly thermochromic 
layer formed on the porous layer, ,and ; a porous image ; v 
pattern layer formed on the reversibly thermochromic 
layer; that the reversibly thermochromic layer and/or the 30 
porous layer is an image pattern layer ;. or the like. 
[001 0] The present invention further provides a color- 
change material haying a substrate and formed thereon 
a color-changing porous layer which contains a reversi- 
bly thermochromic material, a low-refractive-index pig- 35 
ment, and a binder, the reversibly thermochromic 
material and the pigment being dispersed in the binder 
and tenaciously adherent thereto. The features of, this 
invention -reside, for example, in that the proportion of 
the reversibly thermochromic material to the iow-refrac- 40 
tive-index pigment is from 1 :9.to 9:1 by weight; and that 
the proportion of the t sum of the reversibly thermochro- 
mic material and the low-refractive-index pigment to the 
binder is from 2:10 to 1 0:2 by weight. 

[001 1 ] Examples of the reversibly thermochromic ,45 
material used for forming the reversibly thermochromic 
layer include reversibly thermochromic materials each 
containing three ingredients consisting of an electron- 
donating color-developing organic compound, an elec- 
tron-accepting compound; and an organic compound so 
medium which reversibly causes the color , reaction 
between the two compounds, andfurther include liquid .... 
crystals, Ag 2 Hgl 4 , and Cu 2 Hgl 4 . 
[0012] Specific examples of the reversibly thermo- 
chromic materials containing the, three ingredients con- 55 
sisting of an electronrdonating color-developing organic 
compound, an electron-accepting compound, and an 
organic compound medium which reversibly causes the 



color reaction are given in U.S. Patents 4,028,118, 
4,732,810, and 5,558,700. This kind of material 
changes its color at a given temperature (point of color 
change) and, in the ordinary temperature range, is 
present only in a specific one of the two states shown 
respectively before and after the color, change. Although 
the other state is maintained as long as the heat or cold 
necessary to this state is kept being applied, the mate- 
rial returns, upon removal of the heat or cold, to the 
state shown in the ordinary temperature range. Namely, 
this material is of the type which changes its color while 
showing a small hysteresis, width (AH) with respect to 
the temperature-color density relationship with chang- 
ing temperature. 

[0013] Also effective are the thermochromic color- 
memory materials proposed in U.S. Patents 4,720,301 
and 5,558,699 by the present applicant, which change 
their colors while showing a wide hysteresis width. Spe^ 
cifically, these thermochromic materials are of the type 
in which the curve obtained by plotting the change in 
color density with changing temperature; differs consid- 
erably in shape between the case in which the temper- 
ature is elevated from the lower-temperature side of the 
color change temperature range and the reverse case in 
which the temperature is lowered from the higher-tem- 
perature side of the color change temperature range. 
These materials are reversibly thermochromic materials 
characterized in that they can memorize and retain their 
state, experienced at temperatures not higher than the 
lower-temperature-side point of color change or not 
lower than the higher-temperature-sipie point of color 
change, after they have returned to the ordinary temper- 
ature range between the lower-temperature-side point 
of color change and the higher-temperature-side point 
of color change. 

[0014] Although the above-described reversibly ther- 
mochromic material containing the three ingredients 
consisting of an electronrdbnating color-developing 
organic compound, an electron-accepting compound, „ 
and an organic compound medium which reversibly 
causes the color reaction can be effectively used as it is, 
the material is preferably used after having been micro- 
encapsulated. This is because the microencapsulated 
reversibly thermochromic material can retain the same, 
composition arid produce the same effect under various 
use conditions., 

[0015] By the microencapsulation, a chemically and 
physically stable pigment can be constituted. Microcap- 
sules suitable for practical use have a particle diameter 
of generally from 6.1 to 100 fim, preferably from 1 to 50 
jim, more preferably from 2 to 30 jim., 
[0016] For the microencapsulation,, conventionally 
known techniques may be used, such as. e.g., , the inter- 
facial polymerization method, in-situ polymerization 
method, coating method in which curing is conducted in 
a liquid, phase separation from an aqueous solution, . 
phase separation from an organic solvent, fusion dis- 
persion cooling method, coating method in which a sus- 
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pension in air is used, and spray drying method A 
suitable method may be selected from these according 
to uses. Prior to practical use, the microcapsules may 
be coated with a secondary resin film to impart durabil- 
ity thereto or modify the surface properties thereof. 5 
[001 7] The reversibly thermochromic material (prefer- 
ably microcapsules containing the reversibly thermo- 
chromic material encapsulated therein) may be used to - - 
form a reversibly thermochromic layer by dispersing the 
material into a vehicle containing a binder serving as a 10 
film-forming material to prepare a coloring rhaterial, 
e.g„ an ink or coating composition, and applying the 
coloring material on any of various substrates. It is also 
possible to use the reversibly thermochromic material to 
form a substrate which itself has reveirsfoly thermochro- is 
mic properties by dispersing the reverstoly thermochro- 
mic material into a thermoplastic resiri or thermosetting 
resin and forming the dispersion into a sheet or any of 
other various shapes. ; 

[0018] the binder is preferably a transparent film- 20 
forming resin, examples of which are as follows. 
[001 9] Examples of the binder include iondmer resins, 
isobutylene/maleic anhydride copolymer resins, acrylo- 
nitrile/acrylic styrene copolymer resins, ^cfylonitrile/sty- 
rene copolymer resins, acrylonrtrileybutadiene/styrene 25 
copolymer resins, acrylonrtriie/chlriririated polyethyl- 
ene/styrene copolymer resins, ethylene/vinyf chlbride 
copolymer resins; ethyiene/vihyl acetate copolymer tes- 
ins, ethylene/vinyl acetate/vinyl chloride ^ graft copolymer 
resins, vinylidene chlbride resins, vinyl chloride resins, 30 
chlorinated vinyl chloride redri^ vinyl chloride/vinyli- 
dene chloride copolymer resirisr^hlorinated polyethyl- 
ene resins, chlorinated polypropylene resins, pblyamide / 
resins, high-density polyethylene resins, medium-den- 
sity polyethylene resins, linear low-density polyethylene 35 
resins, poly(ethylene terephthalate) resins, pbly(buty- : 
lene terephthalate) resins, polycarbonate resins, poly- 
styrene resins, higfvimpact ' J polystyrene resins;* 
polypropylene resins, poly(methylstyri5ne) resins, 
poly(acrylic ester) resins, poly(rnethyj methaicrylate) 40 
resins, epoxy acrylate resins, ikylphenol r^fnsirrosiri- 
modified phenolic resins- rosin-modified alkyd resins, 
pherid-modrfiied alkyd resins, epoxy-rnddif ied alkikJ res- 
ins, styrene-rriocfrf ied alkyd resins, acryHc-mckJified ■ 
alkyd resins, aminoalkyd resins, vinyl chlbride/vinyl ace 1 45 
tate resins, styrene/butadiene resins, epoxy resins,' * 
unsaturated polyester resins, polyurethane resins, vinyl i: 
acetate emulsion resins, serene/butadiene emulsion 
resins, acrylic ester emuliion resins, water-soluble* 
alkyd resins, water-soluble melamirie resins, 5 w^ter-soi- r so 
uble urea resins, water-soluble pfieholic resins, water- 
soluble; epoxy resins; water-soluble polybutadiene Ve4- 1 
ins, cellulose acetate, cellulose nitrate, and ethyl cellu- 
lose. • * " r - • - 
[0020] The porous layer is a layer containing a teria- ss 
ciousiy adherent low-refractrve-index pigmehidispersed 
in a binder resin. This layer in a dry state hides the 
underlying layer, and becomes transparent or translu- r 



cent upon absorption of a liquid medium, e.g., water, to 
make the underlying layer perceptible. When the wet 
part of the porous layer dries. ] returns to the original 
state. . 

[0021] In the case where the porous layer contains a 
colorant, the dry layer is in a colored opaque state and 
hides the underlying layer. Upon absorption of a liquid 
medium, e.g., water; this porous layer comes into a 
colored transparent or colored translucent state to make 
the underlying layer perceptible. When the wet part of 
this porous layer dries, it returns to the original state. 
[0022] Examples of the low-refractive-index pigment 
include finely particulate silicic acids; a barite powder, 
precipitated bariurn sulfate, barium carbonate, precipi- 
tated calcium carbonate, gypsum, clay, talc, alumina 
white, arid basic magnesium carbonate. These pig- 
ments have refractive indexes in the range df from 1.4 to 
1.7 and show satisfactory transparency after water 
absorption. In the present invention the refractive index 
of the pigment is preferably in the range of 1 A to 1 .7 as 
described above. If it is less than 1.4, the pigment has 
transparency so that it is difficult to hide a lower layer in 
a dry state. If it is more than 1 .7, the color-change mate-- 
rial does not have transparency even if it absorbs water. 
[0023] Although the particle diameter of the low- 
refractive-index pigment is not particularly limited, it is 
preferably from 0.03 to 10.0 \im 
[0024] Two or more low-refractive-index pigments may 
be used in combination. 

[0025] Preferred low-refractive-index pigments include 
finely particulate silicic acids. Finely particulate silicic 
acids are produced as noncrystalline amorphous silicic 
acid; and are roughly classified by production process 
into two groups: the silicic acid produced by the dry 
process based on a vapor-phase reaction such as the 
pyrorysis of a silicon halide. e.g., silicon tetrachloride 
(hereinafter referred to as "dry-process finely particulate 
silicic acid"); and that produced by the wet process 
based on a liquid-phase reaction such as the decompo- 
sition of, e.g., sodium silicate with an acid (hereinafter 
referred to as "wet-process finely particulate silicic 
acid"). Although both types can be used, wet-process 
finely particulate silicic acid is more preferred: This is 
because systems containing wetprocess finely particu- 
late silicic acid have higher hiding properties in the ordi- 
nary state than systems containing dry-process finely 
particulate silicic acid. Consequently, use of the wet- 
process silicic acid can heighten the proportion of a 
binder resin to finely particulate silicic acid to thereby 
improve the filnrstrength of the porous layer. 
[0026] As stated above, the finely particulate silicic 
acid used for enabling the porous layer to show satisfac- 
tory hiding properties in the ordinary state is preferably 
wet-process finely particulate silicic acid. The reasons 
for this preference of wet-process silicic acid are as fol- 
lows. Dry-process finery particulate silicic acid cfiffers in 
structure from wet-process finely particulate silicic acid. 
Specifically, dry-process finely particulate silicic acid 
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has a three-dimensional structure constituted of 
densely linked silicic acid molecules as shown in Fig. 
17. ... ■ .. - . 

[0027] On the other hand, wet-process finely particu- 
late silicic acid has two-dimensional structure parts 5 
each constituted of a long arrangement of molecular 
units formed by the. condensation of silicic acid, as 
shown in Fig. 1 8. The molecular structure of wet-proc- ^ 
ess finely particulate silicic acid is hence coarser than 
that of dry-process finely particulate silicic acid.. It is . 10 
therefore presumed that a porous layer containing wet- 
process finely particulate silicic acid is excellent in irreg- 
ular light reflection in a dry state and hence has 
enhanced hiding, properties in the ordinary, state, as 
compared with a system containing dry-process finely 15 
particulate silicic acid. 

[0028] The low-refractive-index pigment contained in 
the porous layer desirably has moderate hydrophilicity 
because the medium which penetrates into the layer is 
mainly water. In this point, wet-process finely particulate 20 
silicic acid is preferred because it has a larger amount of 
hydroxyl groups present as silanpl groups on the, parti- 
cle surface and is hence more hydrophilic than dry- 
process finely particulate silicic acid. 

[0029] In the case of using wet-process finely particu- 25 
late silicic acid as a low-refractiverindex pigment the 
application amount thereof is preferably from 1 to 30 
g/m 2 more preferably from 5 to 20 g/m 2 . from the stands 
point of satisfying both hiding properties in the ordinary 
state and transparency after water absorption, although 30 
it varies depending on the properties of the wet-process 
finely particulate silicic acid, e.g., the kind, particle 
diameter, specific surface area, and oil absorption ,. 
thereof. If the amount thereof is smaller than 1 g/m 2 , it is . 
difficult to obtain sufficient hiding, properties in the ordi- 35 
nary state. If the amount thereof exceeds 30 g/m 2 it is 
difficult to obtain sufficient transparency after water , 
absorption. 

[0030] The low-refractive-index pigment is dispersed 
into a vehicle.containing a binder resin, and the disper- , 40 
sion is applied and then dried to remove the volatile 
ingredient to thereby form, a porous layer., 
[0031 ] Examples of the binder resin include urethane 
resins, nylon resins, vinyl acetate resins, acrylic ester 
resins, acrylic ester copolymer resins, acrylic pplyol res- as 
ins.vinyl chloride/vinyl acetate copolymer resins, maleic ; 
acid resins, polyester resins, styrene; resins, styrene 
copolymer resins, polyethylene resins, polycarbonate 
resins, epoxy resins, sty rene/butadiene copolymer res-- . 
ins, .acrylonitrile/butadiene copolymer resins, methyl . so. 
methacry late/butadiene copolymer resins,, butadiene . 
resins, chloroprene resins, melamine resins,, parboxy- 
lated SBR resins, carboxylated NBR resins, emulsions, 
of the resins enumerated above, casein, starch* cellu- 
lose derivatives, polyvinyl alcohol), urea resins, phe- .55 
nolic resins, and epoxy resins. 

[0032] As compared with conventionally known gen- 
eral coating films, the porous layer described above has 



a smaller binder resin proportion to the pigment and is 
hence less apt to have sufficient film strength. Conse- 
quently, for use in applications where washing resist- 
ance and abrasion resistance are required, it is 
preferred to use a urethane resin or nylon resin as the 
binder resin or as part of the binder resin. 
[0033] Examples of the urethane resin include polyes- 
ter urethane resins, polycarbonate urethane resins, and 
polyether urethane resins, A combination of two or more 
of such urethane resins may be used. It is also possible 
to use either a urethane emulsion resin which is an 
aqueous emulsion of any of the above resins or a colloi- 
dal dispersion type (ionomer type) urethan resin, 
obtained by causing a urethane resin having ionicity 
(urethane ionomer) to dissolve or disperse in water by 
means of self-emulsrfication based on its ionic groups, 
without the aid of an emulsifying agent. 
[0034] The urethane resin may be either a water-com- 
patible one or an oij-compatible one. However, a water- 
compatible urethane resin, in particular, a urethane 
emulsion resin or colloidal dispersion type urethane. 
resin, is preferably used. 

[0035] Although the urethane resin can be used alone, 
it may be used in combination with one or more other 
binder resins according to the kind of the substrate and 
the performances required of the film, jn the case where 4 
a combination of the urethane resin with other resin(s) is . 
used, the content of the urethane resin is preferably r^g : . 
ulated to at least 30% by weight on solid basis based on 
all binder resin in the porous layer in order to obtain film, 
strength sufficient for practical use. 
[0036] When a crosslinkable binder resin is used, the 
film strength can be further improved by ; adding any 
desired crosslinking agent to crosslink the resin. 
[0037] The binder resins enumerated above vary in 
affinity for media. By using a suitable combination of two, 
or more of these,, it is possible to regulate the time 
required for a medium to penetrate into the porous layer, 
the degree of penetration, and the rate of drying after 
penetration. It is also possible to control the penetration 
time, degree of penetration, and rate of drying after pen-, 
etration by suitably adding a dispersant .. .... 

[0038] According to the present invention, a color- 
changing porous layer which has a reversibly ther mo- 
chromic material, a low-refractive-index pigment, and a ; 
binder and in which the reversibly thermochromic mate- 
rial and the pigment are dispersed in the binder and . 
tenaciously adherent thereto may be formed on a sub-, 
strate. , • . . , . ,. 

[0039] . In the color-changing porous layer, the proper:-, 
tion of the reversibly thermochromic material to the low- . 
refractive-index pigment is. preferably from 1 .-9, to 9:1 by 
weight. 

[0040] The above proportion range is necessary. for 
satisfying both the color change with changing temper- . 
ature of the reversibly thermochromic material and.the 
functions of the low-refractive-index pigment i.e., the 
hiding properties in a dry state and transparency after 
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water application. That proportion is preferably from 2:8 
to 8:2. 

[0041 ] If the proportion of the reversibly thermochro- 
mic material is too low and that of the low-refractive- 
index pigment is too high, the color-changing porous 5 
layer shows poor transparency after application of 
water, although excellent in hiding properties in a dry 
state due to the low-refractive-index pigment. In addi- - 
tion, the reversibly thermochromic material in its colored 
state has an insufficient color density. This color-chang- 10 
ing porous layer therefore shows an unclear color 
change and does not satisfy properties required for 
practical use. 

[00^2] On the other hand, if the proportion of the 
reversibly thermochromic material is too high and that of 75 
the fow-refractive-mdex pigment is too low, not only the 
color-changing porous layer in its decolored state has a 
residual color due to the thermochromic material, but 
also the layer shows poor hiding properties in a dry 
state due to the low-refractive^index pigment. This 20 
color-changing porous layer therefore shows an unclear 
color change and does not satisfy properties required 
for practical use: 

[0043] Also in the case of using a microcapsule pig- 
ment containing the reversibly thermochromic material 25 
encapsulated therein, the proportion by weight of the 
material is preferably the same [as the above. ~" 
[0044] In the color-chainging porous layer, the propor- 
tion of the sum of the reversibly thermochromic material 
and the low-refractive-index pigment to the binder is 30 
preferably from 2:10 to 10:2. 

[0045] The above proportion range is necessary for ' 
satisfying not only the functions of the reversibly ther- 
mochromic material combined 1 with the low-refractive- 
index pigment, i.e., the color change with changing tern- 35 
perature, hiding properties in a dry state; and transpar- 
ency after water application, but also the durability of 
the film. That proportion is preferably from 3:10 to 10:3 
[0046] If the proportion of the sum of the reversibly 
thermochromic material and the low-refractive-index 40 
pigment is too iow and that of the binder is too high.the r: 
color-changing porous layer Is less apt to show a 
desired appearance change with a temperature change 
or upon water application: 

[0047] On the other Hand; if the proportion of the sum 45 
of the reversibly thermochromic material and the low 1 
refractive-index pigment is too high and that of the 
binder is too low, the film has poor durability. - 
[0046] Also in the case of using a microcapsule pig* 
merit containing the reversibly thermochromic material so 
encapsuled therein, the proportion by weight of thersum J 
of the reversibly thWmochromic material and the pig^ 
ment is preferably the same as the above. * % 

[0049] Exarnples of the substrate include cloths such 
as woven fabrics, knit fabrics, braiding, and' nbnwoveri 55 
fabrics, papervsynthetic papers, flocked fabrics, liaised 
fabrics, artificial leathers, leathers, plastics, glasses, 
ceramics, woods, and stones. All ot these are effective. 



[0050] When a constitution according to the present 
invention having a reversibly thermochromic layer which 
itself serves as a substrate and a porous layer formed 
on the reversibly thermochromic layer is brought into 
contact with a medium, e.g., water, having a tempera- 
ture in the range where the reversibly thermochromic 
layer does not undergo a color change, then the 
medium penetrates into the porous layer to make this 
layer transparent whereby the color of the underlying 
reversibly thermochromic layer Js perceived. 
[0051] On the other hand, when the above constitution 
is brought into contact with a medium, e.g., water, hav- 
ing a temperature in the range where the reversibly ther- 
mochromic layer undergoes a color change,* then the 
medium penetrates into the porous layer to make this 
layer transparent and to change the color of the under- 
lying reversibly thermochromic layer. 
[0052] An example of the above constitution is a color- 
change material having a reversibly thermochromic 
layer which changes its color in response to the body 
temperature. This color-change material can be used in 
such a manner that it is brought into contact with a ~ 
medium, e.g., water, having a temperature in the range 
where the reversibly thermochromic layer doe£ riot 
undergo a color change to thereby make the porous 
layer transparent, and th e color of the reversibly thermo- 
chromic layer is then changed by a hand touch, This 
color-change material can be made to show a wider 
variety of color changes, for example, by using these 1 
layers in combination with a non-coldr-chariging layer ] 
[0053] The reversibly thermochromic layer in each of 
the constitutions described above may undergo either of 
a reversible color change between colored state arid 
colorless state and a reversible color change between^ 
colored state (1) <& — > colored state (2). 
[0054] In order for a constitution of the color-change 
material of the present invention to have appearances 
of ttyee or more different color tones, the layer(s) under- 
lying the porous layer should have two or more color 
tones different from the color tone of the porous layer in 
a dry state. In order for appearances of such two or * 
more different color tones to be perceived, the reversibly" r 
thermochromic layer itself should -have such dfferent 
color tones. Alternatively, in the case where the reversi- 
bly thermochromic layer is a layer which reversibly^ 
changes its color from a colored state to a colorless 
state, a substrate or a colored layer each having a color : 
tone different from that color tone should be disposed. 
[0055] Since the porous layer contains a low-refrac^ 
tivje-index pigment such as silica, it in a dry state shows 
high hiding properties to complietely hide th£ color tone 
of the underlying layer. Consequently, even when the - 
underlying layer has a dark color, the color-change" 
material can be constituted so that a relatively light color ■ 
tone is perceived. ; 

[0056] Furthermore, a reversfoly thermochromic 1 ' 
image pattern layer consisting of a reversibly thermo- 
chromic layer may be formed on the porous layer to 
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obtain a wider variety otdesign changes. 
[0057] „ The system having a substrate, a porous layer 
formed thereon, and a reversibly thermochromic layer 
formed on the porous layer is explained next. From the 
standpoint of enabling a medium, e.g., water, to pene- s 
trate into the porous - layer, the overlying reversibly ther- 
mochromic layer also is preferably permeable to the 
medium, : e.g;; water. 

[0058] When the color-change material has a reversi- 
bly thermochromic layer which reversibly changes its . 10 
color from a colored state .to a cotorless state and is in , 
the colored state at the ambient temperature and this 
color-change material is t brought into contact with a 
medium, e.g., water,: having a temperature in the range 
where the. composition undergoes a color change, then is 
the reversibly thermochromic layer is decolored and, at 
the same time, the porous layer becomes transparent , . 
As a result, the color tone of the substrate is perceived. 
[0059] When the color-chjange material is heated or 
cooled, without being , brought into contact with a 20 
medium, e.g., water, for example, by a hand touch or by 
blowing warm air, cold air, etc., then the reversibly ther- 
mochromic layer is decolored and the color tone of the 
porous layer is perceived. 

[0060] Furthermore, when the color-change material 25 
has ; ,a reversibly thermochromic . layer which reversibly 
changes its. color from a colored state to a ; colorless, 
state and is in the decolored state at the ambient ^ tem- 
perature and this, color-change material, is^ brought into , 
contact with a medium, e.g., water,, having a, tempera- 30 
ture in the range where the reversibly .thermochromic 
layer does not undergo a color, change, then the porous 
layer becomes transparent and the coior tone, of the 
substrate is perceived. When this color-change material 
is brought into contact with a medium having a temper- 35 
ature in the range where the reversibly thermochromic 
layer undergoes a color change, Jhen ,the thermochro- . 
mic layer in its colored state is perceived. : 
[0061] In each of the above constitutions, the reversi- 
bly thermochromic layer is preferably one which revers- 40 
ibly changes its color from a colored state to a colorless 
state. In order for each of these constitutions , to have; 
appearances of three. or more different color tones, the 
layer(s)- underlying the reversibly thermochrpmic layer 
should have two or more color tones different .from the as 
color tone of the reversibly- thermochromic layer. In, 
order . for such two or more different color ton es to, be 
perceived, it is necessary, that the substrate and the dry r 
state porous layer should have different colors or that a 
colored layer having a color tone different from that of so 
the porous layer in a dry state should be, interposed 
between the porous. layer and the substrate. , 
[0062] Since the porous layer contains a low-refrac- 
tive-index pigment such as silica, it in a dry state shows 
high hiding properties to .completely hide the color tone . 55 
of the underlying layer. The overlying reversibly thermo- 
chromic layer can have a light color tone. ... 
[0063] ; Furthermore a porous image pattern layer 



having a porous layer may be formed on the reversibly 
thermochromic layer to obtain a wider variety of design 
changes. 

[0064] Although the structures described above in 
which the reversibly thermochromic layer and the 
porous layer have been superposed on each other are 
most effective in exhibiting a variety of color changes, a 
structure in which the reversibly thermochromic layer 
and the porous layer are not in a stacked state is also 
effective. 

[0065] In particular, a color-change material in which 
the two layers are disposed close to each other can be 
caused to undergo a color change by means of either 
heat or water. Thus, a wider variety of coloring means 
combined with the resultant increase in the number of 
colors heighten the suitability of the color-change mate- 
rial for use in toys and the effect thereof on attractive 
appearance. 

[0066] The system having a substrate and formed 
thereon a color-changing porous layer which contains a 
reversibly jhermqchrbmic material, a low-refractive- 
index pigment, and a binder and in which the reversibly 
thermochromic material and the pigment are dispersed 
in and tenaciously adherent to the binder is further 
explained next. This color-change material, having the 
color-changing porous layer formed on a substrate from 
a color-changing composition containing a reversibly 
thermochromic material and a low-refractive-index pig- 
ment, functions in the following manners. When the 
color-change material contains a reversibly thermochro- 
mic material which reversibly changes its color from a 
colored state to a colorless state and is in the colored 
state at the ambient temperature and this colorrchange 
material is brought into contact with a medium having a 
temperature in the range where the color-changing 
material undergoes a color change, then the color tone 
of the substrate is perceived. 

[0067] \ . When this color-change material is heated or 
cooled, without being brought into contact with a 
medium, for example, by a hand touch or by blowing 
warm air, cold air,. etc., then the reversibly thermochro- 
mic composition is decolored and the color tone of the 
low-refractive-index pigment is perceived. 
[0068] . Furthermore, when the color-change material 
has a reversibly thermochromic material which reversi- 
bly changes its color from a colored state to a colorless 
state and is in the decolored state at the ambient tem- 
perature and this cblor?change material is brought into 
contact with a medium having a temperature in the 
range where the reversibly thermochromic material 
does not undergo a color change, then the color tone of 
the substrate is perceived. When this color-change 
material is brought into contact with a medium having a 
temperature in the range where the reversibly thermo- 
chromic material undergoes, a color change, then either, 
the color tone of the reversibly thermochromic material 
in its colored state or a mixed' color composed of the 
color tone of the reversibly thermochromic material in its 
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colored state and the color tone of the substrate is per- 
ceived. 

[0069] In each of the above constitutions, the reversi- 
bly thermochromic material is preferably one which 
reversibly changes its color from a colored state to a s 
colorless state. 

[0070] Since the color-changing porous layer contains 
a low-refractive-index pigment, it in a dry state cah com- - - 
pletely hide the color tone of the underlying layer. Con- 
sequently, even when the underlying layer has a dark 10 
color, the color-change material can have a light color. 
[0071] By using the thermochromic color-memory 
material described hereinabove as a reversibly thermo- 
chromic material, a color-change material showing 
more complicated and colorful appearances can be is 
obtained because color tones can be retained regard- 
less of changing ambient temperature. 
[0072] If desired and necessary, colorants may be 
incorporated into the reversibly thermochromic layer, 
the porous layer, and the color-changing porous layer to 20 
enable the color-change materials of the present inven- 
tion to show a wider variety of color tones. Examples of 
the colorante include general color dyes and pigments 
and fluorescent dyes and pigments. It is also possible, if 
desired, to use a metalescerrt pigment or the like such 25 
as, e;g„ mica coated with titanium dioxide, mica coated 
with irbh oxide/titanium dioxide, mica coated with iron 
oxide, guanine, seriate, basic lead carbonate, acid lead 
arsenate, or bismuth oxychloride. 

[0073] If desired and necessary, a non-color-changing 30 
ink containing a general dye or pigment or containing a 
fluorescent dye or pigment may be applied to form a 
noh-color^changing layer. Furthermore, an ink contain- 
ing the metalescerrt pigment may be applied to form a 
metalescerrt layer. 1 35 

[0074] In particular, the formation of a non-color- 
changing layer on a substrate is effective in widening 
the degree of freedom of changes in color and appear- 
ance. 

[0075] The reversibly thermochromic layer, porous 40 
layer, and color-changing porous layer described above 
eabh may be an image pattern layer bearing characters, 
symbols, figures, etc., according to need. 
[0076] A protective layer or a light stabilizer layer may 
be suitably formed. Specifically, the ligHt stabilizer layer 45 
is a layer containing/ dispersed and tenaciously adher- 
ent therein, a light stabilizer selected from ultraviolet 
absorbers, /antioxidants, aging inhibitors, singlet oxygen 
quenchers, ^peroxide - anion quenchers, ozone 
quencher, visible ray absorbers, and infrared absorb^s. so 
[0077] An antistatic agent, polarity-imparting agent 1 
thixotropic agent, arrtifoamer. etc. may be added, 
according to need, to the reversibly thermochromic layer 
or the porous layer to improve functiona 
[0078] The reversibly thermochromic layer, porous ss 
layer, and color-changing porous layer described above 
can be formed by conventionally known methods such 
as, e.g., printing techniques including screen printing, 



offset printing, gravure printing, printing with a coater or 
tampon, and transfer printing and coating techniques 
including brushing, spray coating, electrostatic coating, 
electrodeposition, flow coating, roller, coating, and dip 
coating. 

[0079] The color-change materials of the present 
invention are effective in a variety of forms including lin- 
ear shapes, rugged shapes, and three<limensionar 
shapes, as well as flat shapes. 

[0080] Specific examples of embodiments of the 
color-change materials include stuffed toy animals, 
dolls, doll clothes such as raincoats, doll accessories 
such as umbrellas and bags, toys such as water pistol 
targets, models of motor vehicles or ships, and boards; 
on which traces appear, such as, e.g., the handprint or 
footprint of a man or doll, training materials or stationary 
such as paperis or sheets for writing with water, clothes 
such as dresses, swimsuits, and raincoats, footwear 
such as rain boots, prints such as waterproof books and 
calendars, amusement goods such as stamp cards, 
puzzles; and various games, swimming or diving goods 
suchaswetsuits, tubes, and float boards, kitchen goods 
such as coasters and cups, and other articles including 
umbrellas, artificial flowers, and winning lottery tickets. 
[0081] The color-change materials can be applied 
also lo various indicators, for example, for the liquid 
leakage detection for pipings, water tanks, arid other" 
tanks, the detection of Wetting by water for the transpor- 
tation of water^rohib'tive chemicals or in storage 
places therefor, the detection of dew condensation, rain- 
fall, etc., urine detection in disposable diapers, the 
detection of liquid level or water depth in various con- 
tainers and pools, and the detection of water in soils. 

Examples 

[0082] Examples are given below. All parts in the 
Examples are by weight. " 

EXAMPLE 1 (see Fig; 1) 

[0083] Twenty parts of a microcapsular pigment con- 
taining a thermochromic color-memory material encap- 
sulated therein (blue colorless; blue at 1 5°C arid 
lower, colorless at 30°C arid higher) was homogene-- 
ously mixed with 1 part of a fluorescent pink pigment 
[trade name, Epocolor FP^tO; manufactured by Nippon 
Shokubai Kogyo Ca, Ltd.], 2 parts of a benzotriazole 
ultraviolet absorber, and 1,000 parts of polypropylene 
having a Vicat softening point of 100°C. This mixture 
was treated with an extruder to obtain reversibry ther- 
mochromic pellets. These "pellets were injection-molded 
into a sheet to obtain a reversibly thermochromic layer 
2. • ■ .- -' : 

[0084] The reversibly thermochromic layer 2 assumed 
violet color upon cooling to 15°C or lower, and this color 
was maintained in a tenperature range below 30°C. 
The layer 2 assumed pink color upori heating to 30°C or 
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higher, and this color was maintained in a temperature 
range above 15°C. 

[0085] Subsequently, a white screen printing ink pre- 
pared by stirring and homogenizing a mixture of 15 
parts of a fine silica powder [trade name, Nipsil E-200; s 
manufactured by Nippon Silica, Industrial Co:, Ltd.], 30 
parts of an acrylic ester emulsion (solid content, 50%), 
50 parts of water, 0.5 parts of a silicone antifoamer, Z,„ 
parts of a thickener for water-based inks, 1 part of ethyl- 
ene glycol, and 3 parts of a blocked isocyanate .10 
crosslinking agent was used to conduct solid printing on. 
the whole surface of the reversibly thermpchromic layer' 
2 through a 180-mesh screen stencil. The ink applied , 
was dried and cured at 130°C for 5 minutes to form a 
porous layer 3, which was white in a dry state. Thus, a 15 
color-change material 1 having a stacked structure was 
obtained. 

[0086] The appearance of the porous layer 3 changed 
from a white state to a colorless and transparent state . 
upon contact with water or an aqueous rriedium. 20 
[0087] The color-change material 1 was whitei in a dry 
state at 24°C and remained white even when cooled or 
heated. However, upon contact with cold water having a 
temperature of 15°C or lower, the porous layer 3 
became transparent and the color of the color-change: 25 
material t instantaneously ,changed to the violet color ; 
attributable to the underlying reversibly thermochromic 
layer 2. This violet color-change material 1 was allowed 
to stand at 24?C! As a result, the color-change material 
1 , which was violet in the wet state, gradually changed so 
its color from violet to white with water vaporization, and. 
recovered the originaLwhite coior upon completion of 
drying; .. : . . - ... 

[0088] . Subsequently, the color-change material ,1 : was 
brought into contact with warm water having a tempera- 35 
ture of 30°C or higher. As a result,- the porous layer 3 
became transparent due to the adherent water and the . 
color of the reversibly thermochromic layer, 2 changed 
from purple to.fiuorescent-pink. TTius, the colorrchange 
material t assumed fluorescent pink color, 40 
[0089] This violet color-change material 1 was allowed . ( 
to stand .at 24?G: As a result, the cotor-change materia! 
1 , which was fluorescent-pink in the wet state, gradually, 
changed its color from fluorescent-pink to. white with .... 
water vaporization, /and recovered the original white : 45 
color upon completion of drying.. . 
[0090] Thereafter, the dry color-change material 1 
was brought into contact with cold water having a tern- ; 
perature oM5°C or lower to change its color to violet,, 
and. part of this violet color-change material ,1 .was 50 
brought into contact with warm water having a tempera- 
ture of 30°C or higher. As a result, the color of that part . 
changed from violet to pink, and the color-change mate- , 
rial T ; thus came to have a violet area and a pinkarea. . 
This two-color state was maintained until the water . 55 
vaporized, off to dryness. 

[0091]- As demonstrated above, the colorrchange 
material 1 changed its appearance from a wholly white 



state to violet or fluorescent-pink color upon application 
of cold or warm water, and recovered the original white . 
state upon drying. Namely, the color-change material 1 
could undergo a variety of changes in.appearance. 
[0092] These changes in appearance could be repro- 
duced repeatedly. 

EXAMPLE 2 (see Fig. 2) 

[0093] A reversibly thermochromic screen printing ink 
prepared by stirring and homogenizing a mixture of 10 
parts of a microcapsular pigment containing a thermo- 
chromic color-memory material encapsulated therein 
(blue <- — > colorless; blue at 1 5°C and lower, colorless at 
30°C and higher), 10 parts of an acrylic ester emulsion . 
(solid content 50%), 0.2 parts of a silicone antifoamer, 

1 part of water, 0.5 parts of ethylene glycol, 0.5 parts of 
a thickener, and 0.5 parts of an isocyanate crosslinking 
agent was used to conduct solid printing through a 1 09- 
mesh screen stencil on the whole surface of a pink 
nylon taffeta as a substrate 4. The ink applied was dried 
and cured at 130°C for 5 minutes to form a reversibly. 
thermochromic layer 2. 

[0094] Upon cooling to T5°C or lower, the resultant . 
stacked structure, composed of the substrate 4 and the 
reversibly thermochromic layer 2 assumed purple color 
resulting from the mixing of the pink of the substrate 4 
and the blue of the reversibly thermQchromie.jayer 2. 
This color tone was maintained ia a temperature , range 
below 30°C. Upon heating tp 30*C or higher, the.revers- 
ibly thermochromic layer 2 became colorless and trie 
pink, color of the substrate 4 was. perceived. This color 
tone was maintained in a temperature range above 
15°C... ,V' t • [ " .... ; " '." ] 

[0095] Subsequently, a white screen.printing.ink pre- 
pared by stirring and homogenizing a mixture of 15 
parts of a fine silica powder, [trade .name, Nipsil E-200; 
manufactured by Nippon Silica Industrial .Cp., ? .i^J,130 
parts of an acrylic ester emulsion (solid content, 50%), 
50 parts of water, 0.5 parts of a silicone antifoamer, 3 ■;• 
parts of a thickener for water-based inks, 1 part of ethyl- 
ene , glycol, and 3 , parts t .of a blocked isppyanate 
crosslinking agent was used to conduct solid printing^on ~ 
the whole surface of the reversibly thermpchromic layer^ 

2 through a 180-mesh so;een stencil, ink applied/, 
was dried: and. cured at 130°C for 5 minutes to form a 
porous layer 3, which was white in a dry state. Thus, a 
color-change material i was obtained. , 

[0096] The appearance of the porous layer 3 changed 
from. a white state.to a colorless. and [ transparent state 
upon contact with water or a. water-soiuble liquid. 
[0097] t The color-change material 1 was white in a dry 
state at .24°C and remained white even when cooled, or 
heated. However* upon, contact with cold.waterhaying a. 
temperature of 15°C or lower, the. porous, layer : 3 
became transparent due to the adherent water and the 
color of the color-change material 1. instantaneously 
changed to purple color resulting from the mixing of the 
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colors of the underlying reversibly thermochromic layer 
2 and substrate 4. This purple color-change material 1 
was allowed to stand at 24°C. As a result, the color- 
change material 1, which was purple in the wet state, 
gradually changed its color from purple to white with 5 
water vaporization, and recovered the original white 
color upon completion of drying. 

[0098] Subsequently, the color-change material 1 was - 
brought into contact with warm water having a tempera- 
ture of 30°C or higher. As a result, the porous layer 3 10 
became transparent due to the adherent water and the 
color of the reversibly thermochromic layer 2 changed 
from blue to colorless: Thus, the color-change material 
1 assumed the pink color attributable to the substrate 4. 
[0099] This pink color-change material 1 was allowed 15 
to stand at 24°C. As a result, the color-change'materiai 
1 , which was pink in the wet state, gradually changed its 
color from pink to white with water vaporization, and 
recovered the original white color upon completion of 
drying. ^ 
[0100] Thereafter, the dry color-change material was 
brought into contact with cold water having a tempera^ 
ture of 15°C or lower to change its color to purple, and 
part of this purple color-change material was 1 brought 
into contact with warm water having a temperature of '25 
30°C or higher. As a result the color of that part 
changed from purple to pink, and the color-change 
material thus came to have a purple area and a pink 
area. This two-color state was maintained until the 
water vaporized off to dryness! 30 
[0101] As demonstrated above, the color-change 
material 1 changed its appearance from a wholly white 
state to purple or pink color upon application of cold or 
warm water, and recovered the original white state upon 
drying. Namely, the color-change material 1 could 35 
undergo a variety of changes in appearance. 
[0102] These changes in appearance could be repro- 
duced repeatedly: 



EXAMPLE 3 (see Fig. 3) 
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[0103] A fluorescent yellow screen printing ink pre- 
pared by stirring, and homogenizing a mixture of 10 
parts of a yellow fluorescent pigment [trade name, 
Epocolor FP-117; manufactared -by Nippon ShokubaS as 
Kagaku Kogyo Go., Ltd.], 50 parts of an acrylic ester 
emulsion (solid content, 50%), 0:2 parts of a silicone 
antifoamer, 5 parts of a thickener, 1 part of a leveling 
agent, 10 parts of water, and 2.5 parts of an epoxy 
crossiinking agent was used to conduct solid printing so 
through a 1 50-mesh screen stencil on the whole surface 
of a white nylon taffeta as a substrate 4. The ink applied 
was dried and cured at 130°C for 5 minutes to form a 
non-color-changing layer 5. A reversibly therrrrochromic 
screen printing ink prepared by stirring and homogeniz- ss 
ing a mixture of 10 parts of a microcapsular pigment 
containing a thermochromic color-memory* material 
encapsulated therein (blue < — > colorless; blue at 15°C 



and lower, colorless at 30°C and higher); 10 parts of an 
acrylic ester emulsion (solid content, 50%), 0.2 parts of 
a silicone antifoamer, 1 part of water, 0.5 parts of ethyl- 
ene glycol, 0.5 parts of a thickener, and 0.5 parts of ah 
isocyanate crosslinking agent was used to conduct solid 
printing through a 109-mesh screen stencil on the 
whole upper surface of the non-color-changing layer 5. 
The ink applied was dried and cured at 130°C for 5 min- 
utes to form a reversibly thermochromic layer 2. 
[0104] Upon cooling to 15°C or lower, the resultant 
stacked structure having the non-color-changing layer. 5 
and the reversibly thermochromic layer 2 assumed 
green color resulting from the mixing of the fluorescent 
yellow of the non-color-changing layer 5 and the blue of 
the reversibly thermochromic layer 2. This color tone 
was maintained in a temperature range below 30 °C. 
Upon heating to 30°C or higher, the reversibly thermo- 
chromic layer 2 becarne colorless and the fluorescent 
yellow color of the hon-color-changing layer 5 was per- 
ceived. This color tone was maintained in a temperature 
range above 15°C. 

[0105] The white screen printing ink prepared iri 
Example 1 Was used to conduct solid -printing on the 
whole upper surface of the reversibly thermochromic 
layer 2, arid the ink applied was dried and cured to form 
a porous layer 3: Thus; a color-change material 1 was 1 
obtained. 

[0106] The appearance of the porous layer 3 changed 
from a white state to a colorless and transparent state 
upon contact with water or a water-soluble liquid. 
[0107] The color-change material 1 was White in a dry 
state at 24°C and remained white even when cooled or 
heated. However, upon contact with cold water having a 
temperature of T5?C or lower, the porous layer 3- 
became transparent and the color of the color-change 
material 1 instantaneously changed to green color 
resulting from the mixing of the colors of the underlying 
reversibly thermochromic layer 2 and non-color-changr 
ing layer 5. This green color-change material 1 was 
allowed to stand at 24°C. As a result, the color-change 
material 1 , which was green iri the Wet state, graduaily 
Charged its color from green to white with water vapori- 
zation, and recovered the original white color upon com- 
pletion of drying. " x -" •' ' ■ 

[01 08] Subsequently, the c»ibr-change material;! was 
brought into contact with warm water having a tempera- 
ture of 30°C or higher. As a result the porous layer J3 
became transparent and the color of the reversibly ther- 
mochromic layer 2 changed from blue to colorless. 
Thiis, the color-change material 1 assumed the fluores- ' 
cent yellow color attributable to the noh^color-chariging 
layerS: : . 

[01 09] This fluorescent-yellow color-change material ' 
1 was allowed to stand at 24°G: As a result, the color-' 
change material 1. which was fluorescent-yellow in the * 
wet state, gradually changed its color from fluorescent- 
yellow to white with water vaporization, and recovered 
the original white color upon completion of drying. 
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[01 1 0] Thereafter, the dry color-change material was 
brought into contact with cold water having a tempera- 
ture of 15°C or lower to change its color to green, and 
part of this green color-change material 1 was brought 
into contact with warm water having a temperature of 5 
30°C or higher. As a result, the color of that part 
changed from green to yellow, and the color-change 
material 1 thus came to have a green area and.a yellow 
area. This two-color state was maintained until the 
water vaporized off to dryness. 10 
[01 1 1 ] As , demonstrated above,, the color-change 
material 1 changed its appearance from a wholly white 
state to green or fluorescent-yellow upon application of 
cold or warm water, and recovered the original white 
state; upon drying . Namely, the color-change material 1 .15 
could undergo a variety of changes in appearance; , 
[01 1 2] These changes in appearance could be repro- 
duced repeatedly. 

EXAMPLE 4 (see Fig. 4) 20 

[0113] A fluorescent yellow screen printing ink pre- 
pared by stirring and homogenizing a mixture of 10 
parts of a yellow -fluorescent pigment [trade name, 
Epocolor Jf?P-1;1 7; manufactured by- Nippon Shokubai 25 
Kagaku Kogyo Co., Ltd.], 50, parts plan acrylic ester 
emulsion (solid content. 50%), 0.2 parts bt a silicone 
antifoamer, 5 parts of a thickener, 1 part of a leveling 
agent, 10 parts of water, and 2.5 parts of an eppxy 
crosslinking agent was used to conduct solid printing 30 
through a 15f>meshscreen stencil on the whole surface 
of a white polyester satin as a substrate 4. The ink 
applied was dried and cured at 130°C for 5 minutes to 
form a non-color-changing layer 5. A reversibly thermo- 
chromic screen printing ink prepared by stirring and 35 
homogenizingva mixture of 1 0 parts of a microcapsular 
pigment containing^ reversibly thermochromic material 
encapsulated therein .(blue <— » cclortess; blue below ^ 
15°C, colorless at 15°C and higher), 10 parts of an 
acrylic ester emujsion (solid content, 50%), 0.2 parts of . 40 
a silicone. antifoamer, 1 part of water, 0.5 parts of ethyl- 
ene glycol, 0.5 parts of a thickener, and 0.5 parts of an . 
isocyanate crosslinking agent was used to print a flower. :/ 
pattern through a 109-mesh screen stencil on the upper, 
surface of the non-colpr^changing layer 5. /The ink 45 
applied was dried and cured at 130°C for. 5 minutes to 
form a reversibly thermochromic image pattern layer 21.. 
[0114], The resultant stacked structure having the non- 
colpr-changing layer 5 and the reversibly thermochro-, 
mic image-pattern<layer 21 was wholly fluorescent-yel- so 
low at 24°C due to the nqn-color-changing layer 5. Upon 
cooling to 15°C or lower, the reversibly thermochromic 
image pattern layer 21 assumed blue color, and a green 
flower pattern on a yellow background was, perceived.. 
When the stacked structure; warmed up and returned to ss 
a temperature above 15°C, the reversibly thermochro- 
mic image pattern layer 21 was decolored and the 
stacked structure wholly turned f iuorescent-yellow. 



[0115] The white screen printing ink prepared in 
Example 1 was used to conduct solid printing on the 
whole upper surface of the reversibly thermochromic 
image pattern layer 21, and the ink applied was dried 
and cured to form a porous layer 3. Thus, a color- 
change material 1 was obtained. 
[01 16] The appearance of the porous layer 3 changed 
from a white. state to a colorless and transparent state 
upon contact with water or a water-soluble liquid. 
[0117] The coior-change material 1 was white in a dry 
state at 24°C and remained white even when cooled or 
heated. However, upon contact with water having a tern- . 
perature of 1 5°C or higher, the porous layer 3 became 
transparent and the color-change material . 1 hence 
wholly assumed yellow color. This color-change mate- 
rial 1 was allowed to stand at 24°C. As a result, the 
color-change material 1 dried with water vaporization 
and returned to the white color. 

[0118] Subsequently, the color-change material 1 was 
brought into contact with 10?C cold water. As a, result, 
the porous layer 3 became transparent and the color of 
the reversibly thermocfhromic image pattern layer 21 
changed from colorless to blue. Thus, the color-change 
material 1 came to have an appearance bearing a green, 
flower pattern on a yellow background. This color- 
change material 1 was allowed to stand at 24°.C~As a 
result, when.the color-change material 1 had warmed 
up to a temperature above 15°C, the reversibly thermor 
chromic image pattern layer 21 was decolored and the 
color-change material 1 wholly turned yellow. Although^, 
the color-change : material 1 was. in this state for a while," 
it returned to the white color upon drying. ■■ 
[01 19] As demonstrated above, the rolornshange 
material 1 changed its appearance froni a wholly white 
state to a wholly yellow state or to a green flower pattern 
on a yellow background upon application of cold or 
warm water, and recovered the original white. state upon 
drying. Namely, the color-change material 1 ; could 
undergo a variety of changes in appearance. 
[01 20] Thesei changes in appearance could be repro- 
duced repeatedly. 

EXAMPLE 5 (see Fig. 5) /, ',..]] '']'.]' ,. 

[01 21 ] A flower pattern was printed on a white.polyes- 
ter satin as a substrate 4 with fluorescent general inks of 
yellow, pink, purple, green, and red colors to.form a non- 
colpr-changing image pattern layer 51 . . 
[01 22] A reversibly thermochromic screen printing ink 
. prepared by stirring and homogenizing a. mixture of 10 
parts of a microcapsular pigment containing a reversibly 
thermochromic material encapsulated therein (black 
<-r- > opjorjess; black^low 30°C, colorless at 30°C and 
higher), 20 parts of a polyester urethane emulsion (solid 
content. 30%). 0.4 parts of a silicone antifoamer, 1. part 
of water, 0.5 parts of ethylene glycol, 1 .0 part of a thick- 
ener, and 0.5 parts of an isocyanate crosslinking agent 
was used to conduct solid printing through a 109-mesh 
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screen stencil on the whole surface of the non-color- 
changing image pattern layer 51. The ink applied was 
dried and cured at 130°C for 5 minutes to form a revers- 
ibly thermochromic layer 2. 

[0123] The resultant stacked structure having the non- s 
color-changing layer 51 and the reversibly thermochro- 
mic layer 2 superposed thereon was black at 24°G. 
Upon heating to 30°C or higher, the reversibly thfcrmo- - - 
chromic layer 2 was decolored and the colorful flower 
pattern attributable to the non-color-changing image io 
pattern layer 51 was perceived. When this stacked 
structure returned to a temperature below 30°C, the 
reversibly thermochromic layer 2 assumed black color 
to hide the flower pattern. 

[01 24] Subsequently, a white screen printing ink pre- 75 
pared by stirring and homogenizing a mixture of 15 
parts of a fine silica powder [trade name, Nipsil E-220; 
manufactured by Nippon Silica Industrial Co., Ltd.], 50 
parts of a polyester urethane emulsion (solid content, 
30%), 30 parts of water, 0.5 parts of a silicone anti- 20 
foamer, 3 parts of a thickener for water-based inks, 1 
part of ethylene glycol, and 2 parts of a blocked isdcy- 
anate crosslinking agent was used to print a butterfly 
pattern through a 1 50-mesh screen stencil on the 
reversibly thermochromic layer 2. The ink applied was 25 
dried and cured at 130°C for 5 minutes to form a porous' 
image pattern layer 31 of a butterfly pattern, thus, k 
color-change material 1 was obtained. 
[01 25] The appearance of the porous image pattern 
layer 31 changed from a white state to a colorless and 30 
transparent state upon contact with water or a water- 
soluble liquid. 

[0126] When the color-change material 1 was held at 
24°C, the white butterfly pattern attributable to the 
porous Image pattern layer 31 was perceived on the 35 
black background of the reversibly thermochromic layer 
2. When the color-change material 1 was heated to 
30°C or higher, the color of the reversibly therrnochro- - 
mic layer 2 changed from black to colorliess and the 
colorful fitter pattern attributable to the non-color- • 40 
changing image pattern layer 51 appeared. Thus, the 
color-change material 1 came to have an appearance 
bearing a white butterfly pattern on a flower pattern 
background. When this color-change material 1 
returned to a temperature below 30°C, it recovered the 45 
appearance bearing a white butterfly pattern on a black 
background. : 

[0127] The color-change material 1 was broujght into 
contact with 20°C water. As a result, the porous image r - 
pattern layer 31 became transparent and the butterfly so 
pattern hence disappeared; resulting in a Wholly black 
appearance. This cdlor-charige material 1 was allowed 
to stand at 24°C_ As a result a white butterfly pattern 
gradually appeared with water vaporization. After com- 
pletion of drying, a white butterfly pattern on a black 55 
background was perceived again. r 
[0128] Subsequently, the color-change material 1 was 
brought into contact with 40°C warm water. As a result 



the porous image pattern layer 31 became transparent 
to make the butterfly pattern disappear and. simultane- 
ously therewith, the color of the reversibly thermochro- 
mic layer 2 changed from black to colorless, whereby 
only the colorful flower pattern attributable to the non- 
color-changing image pattern layer 51 was perceived. 
This color-change material 1 was allowed to stand at 
24°C. As a result, when the color-change material had 
cooled down to a temperature below 30°C, the reversi- 
bly thermochromic layer 2 became colored and this 
black color hid the flower pattern. Although the color- 
change material I was in this state for a whitei a white 
butterfly pattern gradually appeared on the black back- 
ground with drying. Upon complete drying, the color- 
change material 1 recovered the appearance bearing a 
white butterfly pattern on a black background. 
[01 29] As demonstrated above, the color-change 
material 1 , according to temperature changes or immer- 
sion in warm or cold water, could have four states: an 
appearance bearing a white butterfly pattern on a black 
background; a wholly black appearance; an appearance 
bearing a white butterfly pattern on a colorful fldwer pat^ 
tern background; and an appearance bearing a colorful 
flower pattern only. Namely, the color-change material 1 
could undergo a variety of changes in appearance^ 
[0130] These changes in appearance could be repro- 
duced repeatedly. 

EXAMPLE 6 (see Fig. 6) 

[01 31 ] A white screen printing ink prepared by stirring 
and homogenizing a mixture of 15 parts of a fine silica 
powder [trade name, Nipsil E-2G0; manufactured by 
Nippon Silica Industrial Co., Ltd.]; 30 parts of an acrylic 
ester emulsion (solid content; 50%), 50 parts; of wate*. 
0.5 parts of a silicone antifoamer, 3 parts of a thickener 
for water-based inks, 1 part of ethylene glycol; and 3 
parts of a blocked isocyanate o-osslirikirig agertt was 
used to print a flower pattern through r a 1 80-mesh 
screen stencil on a pink nylon taffeta as a substrate 4. 
The ink applied was dried and cured at 130°C for 5 min- 
utes to form a porous imag^ pattern layer 31. 
[0132] A reversibly theithb<iirdmic «re^ printing ink 
prepared by stirring and homogenizing a mixture of 10 
parts of a micrdcapsular pigment containing a thermo^ ; 
chromic coldr-rhemory mateial ; ehcapisulated therein :* 
(blue <~ » colorless; blue at 15°C and lower, colorless at 
30°G and higher), 10 parts bf ah acrylic ester emulsion 
(solid content, 50%), 0.2 parts of a silicone antifoamerV 
1 part of water, 0:5 parts of ethylene grycol, 0:5 parts of 
a thickener, and 0.5 parts of an febcyariate crosslihking 
agent was used to conduct printing' through a 109-mesh 
screen stencil on those areas of the substrate 4 where 
the porous image pattern layer 31 had hot been formed. . 
The ink applied was dried and cured at 130°C for 5 min- 
utes to form a reversibly thermochromic image pattern 
layer 2i. ' 
[0133] Thus, a color-change material 1 was obtained, 
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which had the substrate 4 and, formed side by side ther- 
eon, the porous image pattern layer 31 and the reversi- 
bly thermochromic image pattern layer 21 . 
[0134] When the color-change material 1 was cooled 
to 15°C or lower, the flower pattern of the porous image s 
pattern layer 31 was perceived together with purple 
parts resulting from the mixing of the pink of the sub- 
strate 4 and the blue, of the reversibly thermochromic 
image pattern layer 21. This appearance was mainr 
tained in a temperature range below 30°C. Upon heat : . to 
ing to 30°C or higher, the reversibly thermochromic 
image pattern layer 21 became colorless andthe flower 
pattern of the porous image pattern layer 31 was per- 
ceived together with the pink parts attributable to the 
substrate 4. This appearance was maintained in a -tern- is 
perature range above 15°C 

[0135] . When the color-change material 1 was brought 
into contact with cold water having a temperature of 
15°C or lower, the porous image pattern layer 31 
became transparent due to the adherent water and a 20 
flower pattern of the pink color attributable to the under- 
lying substrate 4 was perceived together with purple 
parts. This color-change material 1 was allowed to 
stand at 24°C. As a result, the wet porous image pattern 
layer 31 gradually changed its color from pink.tolwhite 25 
witty water vaporization, and recovered the original 
white color upon completion of drying. ;: 
[0136] , Subsequently, the color-change material 1 was. 
brought into contact with warm water having a tempera- 
ture oi 30°C or higher. . As a result, the porous image 30 
pattern layer 31 became transparent due to the adher- 
ent water and the color of the reversibly thermochromic : 
layer changed from biue to colorless. Thus, the color- 
change material 1 assumed the pink color attributable to 
the substrate 4. . 35 
[0137] ^This pink color-change material 1 was allowed 
to stand at 24°C. As a result, the wet porous image pat- 
tern layer 31. gradually changed its color from pink to . . 
white with water vaporization, and recovered the origi- . 
nal white color upon completion of drying. , 40 
[01 38] As demonstrated . above, the , color-change 
material 1 could have four states: an appearance having ' f] 
purple parts and a white flower pattern; an appearance 
having pink parts and a white flower pattern ; an appear- 
ance having purple parts and a pink flower pattern; and 45 
a wholly pink appearance. Namely, the color-change 
material. 1 could undergo a variety of changes , in 
appearance. ..... 

[0139] These changes in appearance could be repror 
duced repeatedly. . « 50 

EXAMPLE 7 (see Fig. 7) 

[0140] . A reversibly thermochromic screen printing ink 
prepared by stirring and homogenizing a mixture of 10 55 
parts of a microcapsular pigment containing a thermo- 
chromic color-memory material encapsulated therein, 
(blue < — > colorless; blue at 1 S°C and lower, colorless at 



30°C and higher), 10 parts of an acrylic ester emulsion 
(solid content, 50%), 0.2 parts of a silicone antifoamer, 
1 part of water, 0.5 parts of ethylene glycol, 0.5 parts of 
a thickener, and 0.5 parts of an isocyanate crosslinking 
agent was used to conduct solid printing through a 1 09r 
mesh screen stericil on the whole surface of a yellow 
nylon taffeta as a substrate 4. The ink applied was dried 
and cured at 130°C for 5 minutes to form a reversibly 
thermochromic layer 2. 

[0141] Subsequently, a white screen printing ink pre- 
pared by stirring and homogenizing a mixture of 15 
parts of a fine silica powder [trade name, Nipsil E-200; 
manufactured by Nippon Silica Industrial Co., Ltd.], 30 
parts of an acrylic ester emulsion (solid content, 50%), 
50 parte of water, 0.5 parts of a silicone antifoamer, 3 . 
parts of a thickener for water-based inks, 1 part of ethyls 
ene glycol, and 3 parts of a blocked isocyanate 
crosslinking agent was used to conduct solid printing 
through a . 180-mesh screen stencil on the whole surface 
of the reversibly thermochromic layer 2. The ink applied 
was dried and cured at 130°C for 5 minutes to form a . 
porous layer 3, which was white in a dry state. 
[0142], Furthermore, a reversibly thermochromic 
screen printing ink prepared by stirring and homogeniz- 
ing a mixture of 10 parts of a microcapsular pigment 
containing a thermochromic color-memory material 
encapsulated therein (pink < — » colorless; pink at 40°C 
and lower, colorless at 40°C and higher). 10 parts of an 
acrylic ester emulsion (solid content, 50%), 0.2 parts of 
a silicone antifoamer, 1 part of water, 0.5 parts of ethyl- 
ene glycol, 0.5 parts of a thickener, and 0.5 parts of an 
isocyanate crosslinking agent was used to print a polka 
dot pattern through a 180-mesh screen stencil. The ink 
applied was dried and cured at 130°C for 5 minutes to 
form a reversibly thermochromic image pattern layer 21 . 
Thus, a color-change material 1 was obtained. 
[0143], When the color-change material 1 in a dry state 
was held at 24°C,.a polka dot pattern of the pink color 
attributeW.e to the reversibly thermochromic image pat- 
tern layer 21 was perceived on the white background , 
attributable to the porous layer 3; However," upon heat- 
ing to ^m6°C jor higher, the reversibly thermochromlp 
image pattern layer 21 was decolored, resulting in a 
wholly white state. When the heating was stopped and; 
this color-change material 1 was allowed to cool down 
to 40°C or.lower, then the pink polka dot patten attribut- 
able . to . the reversibly thermochromic image pattern 
layer 21 appeared again. This phenomenon could be 
repeated many times. 

[0144] Subsequently, the color-change material 1 was 
brought into contact with 35°C warm water. As a result, 
the porous, jayer 3. became transparent due to the 
adherent water r and the color of the reversibly thermo- 
chromic layer 2 changed from blue to colorless. Thus, a 
polka dot pattern of red color resulting from the mixing, 
of the pink of the reversibly thermochromic image pat- 
tern layer 21 and the yellow of the substrate 4 was per- 
ceived on the yellow background attributable to the 
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substrate 4. parts of a silicone antrfoamer was applied by spraying 
[0145] When this color-change material 1 was on porous image pattern layer 31 to form thereon a 
immersed in warm water having a temperature of 40°C^ sta 3ern having the same shape and size as the 
or higher, the reversibiy thermochromic image pattern lave ;>i. Thus, a reversibiy thermochromic image pat- 
layer 21 was decolored, resulting in a wholly yellow 5 tern fayer 21 was formed to obtain a color -change mate- 
state. This yellow color-change material 1 was allowed rial i: 

to stand at 24°C. As a result, the color-change material [0151] The color-change material 1 at 24°C bore a 
1 in a still wet state developed a red polka dot pattern on - - star pattern of the pink color attributable to the reversibiy 
the yellow background. The yellow background gradu- thermochromic image pattern layer 21 on the blue body, 
ally turned white with water vaporization, and after com- w However; when this color-change material 1 was heated' 
pletion of drying, the original appearance bearing a pink with hot air from a drier, the reversibiy thermochromic 
polka dot pattern on a white background was perceived. image pattern layer 21 was decolored and a star pattern 
[0146] Subsequently, the dry color-change material 1 of the white color attributable to the porous image pat- 
was brought into contact with cold water having a tenv tern layer 31 was perceived. This state was maintained 
perature of 15°C or lower. As a result a polka dot pat- 75 at temperatures not lower than 30°C. However, when 
tern of brown color resulting form the mixing of the pink the heating was stopped and the color-change material 
of the reversibiy thermochromic image pattern layer 21 1 was allowed to stand at room temperature, then the 
and the green resulting from the mixing of the yellow of reversibiy thermochromic image pattern layer 21 
the substrate 4 and the blue of the reversibiy thermo- became colored again and the color-change material 1 
chromic layer 2 was perceived on a background of that 20 recovered the pink star pattern. 

green color. This state was maintained when the color- [0152] Subsequently, this color-change material 1 was 
change material 1 was immersed in the cold water hay- immersed in 40°C warm water. As a result, the re/ersi- 
ing a temperature of 1 5°C or lower or was in a wet sterte bly thermochromic patten layer 21 was decolored and 
at 24°C. However, the green color gradually changed to the porous image pattern layer 31 became transparent, 
white with drying, and after completion of drying; the 25 The body thus turned wholly blue: This state was main- 
original appearance bearing a pink polka dot pattern on tained inthe warm water. However, when this Color- 
a white background was perceived. change material 1 was taken out of the warm water and 
[0147] As demonstrated above, the color-change immersed in water having a temperature of about 20°C, 
material 1 could undergo a variety of changes in then the reversibiy thermochromic image pattern layer 
appearance according to temperature changes, wetting 30 assunled pink color and, hence, the star pattern 
by a water medium, and drying. changed its color to purple color resulting from the mix- ' 
[01 48] These changes in appearance could be repro- ing of the blue of the substrate 4 and the pink of the 
duced repeatedly, reversibiy thermochromic image pattern layer 21. This 

state was maintained in the water. However, when this 

EXAMPLE 8 (see Fig. 8) 35 color-change material 1 was taken out of the water and 

dried, it recovered the original appearance bearing a 
[0149] A water-based spray ink prepared by stirring '< pink star pattern on the blue body, 

and homogenizing a mixture of 10 parts of a wetTprbc- [0153] As demonstrated above, the color-change 

ess finely particulate silicic acid [trade name; Nipsil E- :: ' material 1 could undergo a variety of changes in 

2fJ0A; manufactured by Nippon Silica Industrial Co., 40 1 appearance according to temperature changes, wetting 

Ltd.] as a low-re?fractive-irKiex pigment, 30 parts of a : by a water medium, and drying: 

water-compatible urethane resin [trade name, Hydran [0154] Thdse changes in appearance could be repro- 

APX101; manufactured by Dainippon Ink & Chemicals/ duced repeatedly 

Inc;] as a binder, 10 parts of water, 20 parts of isopropyl -v 
alcohol, and 0.5 parts of a silicone antrfoamer was 45 EXAMPLE 9 (see Fig. 9) 1 * 
applied by spraying on the body of a blue minicar made • > 
of ABS as a substrate 4 to form a star pattern on the : [0155] A white water-based screen printing ink'pre^ 
body. The ink appfied was dried at 40 6 C for about 1 hour pared by stirring and homogenizing a mixture of 20 
to form a porous image pattern layer 31. parts of a wet-process finely particulate silicic acid ; 
[0150] Subsequently, a water-based spray ink pre- so [trade name, Nipsil E-1011; manufactijred by Nippon 5 
pared by stirring and homogenizing a mixture of 25 Silica industrial Co., Ltd.] as a low-refractive-index pig- 
parts of a microcapsular pigment containing a reversibiy ' merit. 60 parts of an aqueous urethane emulsion [trade 
thermochromic material encapsulated therein (water : name, Hydran AP-10; manufactured by Dainippon Ink & 
content 50%; pink <— colorless; pink below 30°C, Chemicals. Inc.] as a binder, 15 parts of water, 3 parts 
colorless at 30°C arid higher), 40 parts of a water-corn- . 55 of propylene glycol. 0.5 parte of a silicone antrfoamer; 3 
patible urethane resin [trade name. Hydran APX101 ; parts of a thickener for water-based inks, and 4.0 parts- 
manufactured by Dainippon Ink & Chemicals; inc:], 10 of a blocked isocyanate crosslinking agent for water- 
parts of water, 20 parts of isopropyl alcohol, and 0.5 based inks was used to conduct printing through a 150- 
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mesh screen stencil on the whole surface of a 40<lenier 
nylon tricot of fluorescent pink color as a substrate 4 to 
form a porous layer 3. 

[0156] Subsequently, a wave pattern was printed on . 
the porous layer 3 through a 150-mesh screen stencil s 
using a yellow water-based screen printing ink (color- 
changing material) prepared by stirring and homogeniz- . 
ing a mixture of 30 parts of a microcapsular pigment ; 
containing a reversibly thermochromic material encap- 
sulated therein (water content. 50 wt%; yellow -> io 
colorless; yellow below 15°C, colorless at 15°C and 
higher), 35 parts of an aqueous acrylic emujsion [trade 
name; Movinyl 700; manufactured by. Hoechst posei 
K.K.] as a binder.,1 5 parts of water,3 parts of propylene 
glycol, 0.5 parts of a silicone antifoamer, 3 parts of a 75 
thickener for water-based inks, and 3.5 parts of a 
blocked isocyanate crosslinking agent for water-based 
inks, and further using a blue water-based screen print- 
ing ink prepared in the same manner as the above 
except that use was made of;15 parts of a microcapsu- 20 
lar pigment containing ,3 reversibly thermochromic , 
material encapsulated therein (water content, 50 wt%; 
blue < — > colorless; blue below 1 5°C, .colorless at 1 5°C 
and higher): The inks applied were dried and cured at . r 
1 00°C for 3 minutes to form a reversibly thermochromic 25 
image pattern layer 21. 

[0157] Furthermore, a polka dot pattern was printed 
on the reversibly thermochromic image pattern layer 2t 
through a 180-mesh screen stencil using a pink water-, . 
based screen: printing ink prepared by stirring and 30 
homogenizing a mixture of 10 parts of a fluorescent pink 
pigment [trade, name, Eppcolor FP-1000N; manufac- 
tured by Nippon Shokubai Kagaku.togyo Go., Ltd.], 60 
parts of an aqueous acrylic emulsion , (trade name, , 
Polysol AP-50; manufactured by Shpwa Highpolymer 35 
Co., Ltd.], 10 parts of water, 5 parts of ethylene glycol, 
0.5 parts of a silicone antifoamer for water-based inks, 3 
parts of a thickener for water-based inks, 1 part of a lev- 
eling agent, and 2 parts of an isocyanate crosslinking 
agent. The ink applied was curedand.dried at ; 1 30°C for- :; 40 
3 minutes to form a nonrcolor-changing. image pattern 
layer 51 k Thus, a color-change material 1 was obtained. . 
[0158] The color-change material 1 at about 24° C had 
an appearance bearing a polka dot pattern of the fluo- 
rescent pink color attributable to the non-color-changing 45 
image pattern layer 51 on the white background attribut- 
able to the porous layer 3. However, upon cooling with 
cokTair to below 15?C, the reversibly thermochromic 
image pattern layer : 2t became colored and the, white, 
background part came to have a wave pattern of . yellow so 
and. blue colors. This state was maintained at tempera^ 
tures not higher than 15°C. However, when the cooling, 
was stopped and this color-change material l .was 
allowed to stand at room temperature, the wave pattern 
part returned to white. :i 55 

[0159] Subsequently, the color-change material 1 was r 
immersed in water having a temperature of about 20°C. 
As a result, the porous layer 3 became transparent and. 



hence, the pink color of the non-color-changing image 
pattern layer 51 combined with the pink color of the sub- 
strate 4 made the whole surface fluorescent-pink. This 
state was maintained in the water. When this color- 
change material 1 was immersed in 10*0, water, the 
reversibly thermochromic image pattern layer 21 
became colored. As a result the above state was 
changed to an appearance bearing a polka dot pattern 
of the fluorescent pink color attributable to the non- 
colorrchanging image pattern layer 51 on a wave pat- 
tern background of two colors, i.e. , purple color resulting 
from the mixing of blue and fluorescent-pink and red 
color resulting from the mixing of yellow and fluores- 
cent-pink. This state was maintained in the water. 
[01 60] This eolor-change material 1 was taken out of 
the water and allowed to, stand at room temperature. As 
a result, the reversibly thermochromic image pattern 
layer 21 was decolored, .and the color-change material 1 
in a still, wet state changed its appearance from the 
aforementioned state, to a wholly pink state. Upon com- 
pletion of drying, the color-change material 1 came to 
have an appearance bearing a fluorescent pink polka 
dot pattern on a white background. 
[0161] As demonstrated above, the cpipr^hange 
material 1 could undergo a variety of changes in color 
tone and design according to temperature changes, 
wetting by a water medium, and drying, . 
[01 62] These changes in appearance could be repro- ; 
duced repeatedly. 

EXAMPLE 10 (see Fig. 10) 

[0163] A water-based screen printing ink (color- 
changing material) prepared by stirring and.homageniz- 
ing a . mixture of 20 parts- pif a rriicrpcapsular pigment 
containing a reversibly thermochromic msateriai encap- 
sulate therein (water content, 50 wt%; blue color- 
less; blue below 30°C,,colorless at 30°C and higher); 10 
parts of a. wet-process finely particulate silicic acid 
[trade name, Nip^il E-200; n^nufactured by Nippon Sil- 
ica. Industrial Co., Ltd.] as a low-refractiye-index pig : 
merrt, 45 parts bian aqueous urethane emulsion [trade 
name, Hydran AP-10; mafnufactured by Painippon ink& 
Chemicals, Inc.] as a binder, 15 parts of water, 3 parts 
of propylene glycol, 0.5.parts of a dlicone antifoamer, 3 
parts of a thickener for water-based inks, and, 3.5 parts 
of a blocked isocyanate crosslinking agent for water- 
based inks was used to conduct solid printing through a 
ISO^mesh screen stencil on the whole surface of a 50 
jxm-thick. transparent ppiy(eihylene terephthalate) film 
as a substrate 4. The ink applied was cured and dried at 
100°C for 3 minutes to form a color-changing porous 
layer 6. Thus, a color-change material 1 was obtained. 
[0164] The color-change material .1 was blue and 
opaque in a dry state at 24°C. However, when the color- 
change material 1 was heated to 30°C or higher with dry" 
warm air, the . color-changing , porous layer 6, was 
decolored and the color-change. material 1 hence came 
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into a white and opaque state. This appearance was 
maintained at temperatures not lower than 30°C. How- 
ever, when the air blowing was stopped and this color- 
change material 1 cooled down to below 30°C, then it 
returned to the original blue and opaque state. 5 
[01651 When the color-change material 1 was 
immersed in 40°C warm water, the color-changing 
porous layer 6 was decolored and the color-change ; 
material 1 came into a colorless and translucent state. 
This state was maintained in the warm water. When this 10 
color-change, material 1 was immersed in 20°C water, 
the color-changing porous layer 6 turned blue and, 
hence, the colorless and translucent state changed to a 
blue and translucent state. When this color-change 
material 1 was taken out of the water and allowed to is 
stand, transparency was gradually lost with drying. 
Upon cornplerte drying, the color-change material 1 
returned to the blue and opaque state. 
[0166] As demonstrated above, the color-change 
material 1 could undergo a variety of changes in color 20 
tone according td temperature changes, wetting by a 
water medium, and drying. 

[0167] These changes in appearance could be repro- 
duced repeatedly 

[0168] The degree of transparency of the above trans- '25 
lucent color-change material 1 was sufficient for an arti- 
cle, etc. placed on the back of the color-change material 
1 to be perceived: 



EXAMPLE 11 (see Fig. 11) 

[0169] A pink water-based screen printing ink pre- 
pared by stirring and homogenizing a mixture of 10 
parte of a pink fluorescent pigment [trade name, 
Epoeolor FP-10; manufactured by Nippon Shokubai 
Kagaku Kogyo K.K.], 60 parts of an aqueous ur ethane 
emulsion [trade name, NeoRez-R972; manufactured by 
Zeneka K.K.], 10 parts of water, 5 parts of ethylene gly- 
col 0.5 parts of a silicone arrtrfoamer for water-based 
inks, 3 parts of a thickener for water-based inks, 1 part 
of alevelihg agent, and 2 parts of an epoxy crosslinkirig' 
agent was used to conduct soiid printing tfirough a 150- 
mesh screen stencil on the whole surface of a 1 10 pm- 
thic^ white synthetic paper as a substrate 4. The 5 ink 
appliied was dried and cured at 80°C for about 5 minutes 
to form a pink hori-<»lor^han ; gihg layer 5. 
[0170] Subsequently, a Water-based screen printing 
ink (color-chaingingj material) prepared by stirring and 
homogenizing a mixture of 20 parts of a microcapsular 
p^ment containing a reversibly therrndchromic material 
encajiulated therein (water ^ content 50 wt%; blue < — 
colorless; blue below 30°C, colorless art 30°G and 
higher), 10 parts of wet-prdcess finely particulate silicic 
acid [trade name, Nipsil E-200A; manufactured by Nip- 
pon Silica Industrial Co.. Ltd.] as a iow-refractive-index 
pigment, 45 parts of an aqueous acrylic emulsion [trade 
name, Movinyl 972; manufactured by Hoechst Gosei 
K.K.] as a binder, 15 parts of water, 3 parts of propylene 
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glycol, 0.5 parts of a silicone arrtrfoamer, 3 parts of a 
thickener for water-based inks, and 3.5 parts of a 
blocked isocyanate crosslinking agent for water-based 
inks was used to conduct sofid printing -through a 180- 
mesh screen stencil on the whole surface of the non- 
color-changing layer 5. The ink applied was dried and 
cured at 100°C for 3 minutes to form a color-changing 
porous layer 6. Thus, a color-change material 1 was 
obtained:-- 

[01 71 ] When the color-change material 1 was held at 
24°C, the color-changing porous layer 6 was blue. How- ; 
ever, upon heating to 30°C or higher with dry hot air, the 
blue color was bleached, resulting in a white state. The 
color-change material 1 was in this state at tempera- 
tures not lower than 30°C. However, when the air blow- 
ing was stopped and this color-change material T 
cooled down to below 30°C, it recovered the original 
blue color. 

[0172] When the color-change material 1 was 
immersed in 40°C warm water, the color-changing 
porous layer 6 lost the blue color and became transits 
cent and, hence, the pink color of the non-color:chang- 
ing layer 5 was perceived. This state was maintained in 
the 40°C warm water. Thereafter, this color-change 
material 1 was taken out of the 40°C warm water arid 
immersed in water having a temperature of about 20°C. 
As a result, the color-changing porous layer 6 carhe into 
a blue and translucent state, whereby the color-change 
material 1 assumed purple color resulting from the mix- 
ing of blue and pink. This color-change material 1 was 
taken out of the water and allowed to stand at room tem- 
perature: As a result, the color-changing porous layer 6 
gradually became opaque with drying and, hence, the 
purple color gradually changed into blue. Upon com- 
plete drying, the color-change material 1 recovered the 
original blue color. 

[0173] As demonstrated above; the color-change 
material 1 could undergo a variety of changes in color- 
tone according to temperature changes, wetting by a 
water medium, and drying. 

[01 74] These changes in appearance could be repro^ 
duced repeatedly - 

EXAMPLE 12 (see Hg-12) ": - \ . 

[0175] A butterfly pattern was printed on> a yeildw pol- 
yester satin as a substrate 4 through a 180-mesfY 
screen stencil using a pink water-based screen printing 
ink (cblorHchahgirig material) prepared by stirring 7 arid 
homogenizing a mixture of 15 parts of a microcapsujar ■ 
pigment contairiirig a reversfoly thermochromic material 
encapsulated therein (water content 50 wt%; pink 4 — > 
colorless; pink below 28°C, colorless at 28°G and 
higher), 15 parts of dry-process finely particulate silicic 
acid [trade name, Aerosil OX50; manufactured by Nip- 
pon Aerosil Co., Ltd.] as a low-refractrve-index pigment," 
40 parts of an aqueous urethane emulsion [trade name, 
Hydran HW930; manufactured by Dainippbn Ink & 
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Chemicals, Inc.] as a binder, 15 parts of water, 3 parts 
of propylene glycol, 0.5 parts of a silicone antifoamer, 3 
parts of a thickener for water-based inks, and 4.0 parts 
of a blocked isocyanate, crosslinking agent for water- 
based inks, and further using a blue water-based 5 
screen printing ink (color-changing material) prepared 
in the same manner as the above excellent that use was 
made of 15 parts ota microcapsular pigment containing , 
a reversibly thermochromic material encapsulated 
therein (water content, 50 wt%; blue < — » colorless; blue w 
below 28°C; colorless at 28° C and higher). The inks 
applied were cured and dried at 130°Q for 3 minutes to 
form a color-changing porous image pattern layer 61. 
Thus, a color-change material 1 was obtained. 
[0176] The color-change material 1 at 24°C had an is 
appearance bearing a butterfly pattern of pink and. blue 
colors on a yellow background. However, upon heating . 
to 28°C or higher by a finger touch, the color-changing 
porous image pattern layer 61 was decolored and the 
butterfly pattern hence turned white. This state was 20 
maintained at temperatures not lower than 28°C. Hpw- 
ever, when this color-change material 1 cooled down to 
below 28?C, ^.recovered the butterfly pattern of pink and 
blue colors. ■■ 

[0177] Subsequently, the color-change material 1 was 25 
immersed in 35°C warm water. As a result, tfie color- 
changing porous image pattern layer? 61 was decolored 
and became translucent, resulting in a wholly ye|low 
appearance. This state was maintained in warm water ; 
having a temperature of 28*C or higher This color- .30 
change material 1 was taken put of the warm water and 
immersed in water having a temperature of about 20?C 
As a result, the color-changing porous image pattern 
layer 61 • became colored, and a butterfly pattern ... 
appeared which had twp.cqlors, i.e., red color resulting : . 35 
from the mixing of pink and yellow and green color 
resulting from the mixing of.blue and yellow. This. color- 
change material 1 was, taken out qf.,the water and .... 
allowed to stand at room temperature. As a result, the 
color tones otthe butterfly pattern changed with drying, 40 
and upon complete drying, the color-change material 1 v 
recovered the butterfly -pattern of pink and blue Qolprs; 
on a yellow background. k . (i 
[01 78] ■ . ; As demonstrated .above, the colorrchange -. ; 
material 1 could undergo a variety of changes in,; 45 
appearance according to temperature changes, wetting 
by a water medium, and drying. ; . 
[0179] These changes in appearance could be repro- 
duced repeatedly. 

• • - . . y ■:. ■ . • SO 

EXAMPLE 13 (see Fig. 13), ;(S 

[0180] On a 1 10 pm-thick white synthetic paper as a 
substrate 4 were printed, through a 150-mesh. screen 
stencil, a heart pattern and a star pattern respectively 55 
using: a pink water-based screen printing ink prepared 
by stirring and homogenizing a mixture of 1 0 parts of a 
pink fluorescent pigment [trade name, Epocolor FP-10;, 



manufactured by Nippon Shokubai Kagaku Kogyo K.K.], 
60 parts of an aqueous urethane emulsion [trade name, 
NeoRez-R972; manufactured by Zeneka K.K.], 10 parts 
of water, 5 parts of ethylene glycol, 0.5 parts of a sili- 
cone antifoamer for water-based inks, 3 parts of a thick- 
ener for water-based inks, 1 part of a leveling agent, and 
2 parts of an epoxy crosslinking agent; and a yellow, 
water-based screen printing ink prepared by stirring and 
homogenizing a mixture of 10 parts of a yellow fluores- 
cent pigment [trade name, Epocolor FP-i 17; manufac- 
tured by Nippon Shokubai Kagaku Kogyo K.K.], 60 
parts of an aqueous urethane emulsion [trade name, 
NeoRez-R972; manufactured by Zeneka KX], 10 parts 
of water, 5 parts of ethylene glycol, 0.5 parts of a sili- 
cone antifoamer for water-based inks, 3 parts of a thick- 
ener for water-based inks, 1 part of a leveling agent, and 
2 parts of an epoxy crosslinking agent. The inks applied 
were dried and cured at 60° C for about 5 minutes to 
form a non-color-changing image pattern layer 51 . 
[01 81 ] Subsequently, a waterrbased screen printing 
ink (color-changing material) prepared by stirring and 
homogenizing a mixture of 20 parts of a microcapsular 
pigment containing a reversibly thermoqhrqmic material 
encapsulated therein (water content, 50 wt%; blue >. 
colorless; blue below 30 °C, . colorless, at 30°C and 
higher), 1 0 parts of .wet-process fine|y particulate silicic 
acid [trade name, Nipsil, E-200A; manufactured by Nip- 
pon Silica industrial Co., Ltd.] as a low-refractive-index 
pigment, 50 parts of an aqueous urethane emulsion 
[trade name, Hydran AP-20; manufactured by Dainip- 
pon Ink & Chemicals, Inc.] as a binder, 15 parts of 
water, 3 parts of propylene glycol, O.S parts of a silicone 
antifoamer, 3 parts of a thickener for water-based inks, 
and 3.5 parts of an epoxy crosslinking agent for water- 
based inks was used to conduct solid printing through a 
109-mesh screen stencil on the whole surface of the 
non-cplor-changing image .» pattern layer 51 . The ink 
applied was, cured and dried at 70?G for 3 minutes to 
form a color-changing porous layer 6. Thus, a color- 
change material >1 was obtained. 
[0182] The color-change material 1 was wholly blue at 
24°C. However, upon heating to 30°C or higher with dry 
hot air, the color-changing porous layer 6 was 
decolored, resulting in a wholly white appearance. This 
state was maintained at temperatures not lower than 
30°C. However, when the air blowing was stopped and 
this color-change material 1 cooled down to below 
30°G, it recovered the original blue color. 
[0183] Subsequently, the color-change material 1 was 
immersed in 40°C warm water. As a result, the color-, 
changing, porous layer 6 was decolored and became., 
translucent, whereby the color-change material 1 came 
to have an appearance bearing a pink heart pattern and 
a yellow star pattern on a white background. This state 
was maintained in the 40°C warm water When this 
color-change material 1 was taken out of the 40*C warm 
waiter and immersed in tap.water haying a temperature 
of about 20°C, the color-changing porous layer 6 
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became colored and the color-change material 1 hence 
came to have an appearance bearing on a blue back- 
ground a heart pattern of purple color resulting from the 
mixing of blue and pink and a star pattern of green color 
resulting from the mixing of blue and yellow. This color- 
change material 1 was taken out of the tap water and 
allowed to stand at room temperature. As a result, the 
whole surface gradually turned blue with drying; and 
upon complete drying, the color-change material 1 
returned to the original wholly blue state. 
[0184] As demonstrated above, the color-change 
material 1 could undergo a variety of changes in 
appearance according to temperature changes, wetting 
by a water medium, and drying. 
[0185] these changes in appearance could be repro- 
duced repeatedly. 

EXAMPLE 14 (see Fig. 14) 

[0186] A wave pattern was printed through a 150- 
mesh screen stencil on a 40-denier nylon tricot of fluo- 
rescent pink color as a substrate 4 using a yellow water- 
based screen printing ink (color-changing material) pre— 
pared by stirring and homogenizing a mixture of 15 
parts of a microcapsular pigment containing a reversibly 
mermckjhrdmic material encapsulated therein (water 
content, 50 wt%; yellow «— -» colorless; yellow below 
15°C, colorless at 15°C and higher), 15 parts of wet- 
prociess finely particulate silicic acid [trade name; Nipsii 
E-TOiti manufactured by Nippon Silica Industrial Co., 
Ltd.] as a low-refractiye-index pigmerit, 35 parts of an 
aqueous acrylic emulsion [trade name, Moyinyi 700; 
manufactured by Hoechst Gosei K.K.] as a binder, 15 
parts of water, i parts of propylene glycol, 0.5 parts of a 
silicone antifbamer, 3 parts of a thickener for water- 
based inks/ arid 3.5 parts of a blocked isocyanate 
crosslinking agent for water-based inks, and further 
using a blue water-based screen printing' ink (color- 
changing material) prepared in the same manner as the 
above except that use was made of 15 parte of a micro- 
capsular pigmerit containing a reversibly thermochromic 
material encapsulated therein (water content, 50 wt%; 
blue colorless; blue below 1 5°C, colorless at 1 5°C 
and higher). The inks applied were cured and dried at " 
100°C for ^ 3 ' minutes to form a color-changing porous ; 
image pattern layer 61 . ^ 

[0187] Furthermore, a polka dot pattern was printed 
on the color-changing porous image pattern layer 61 
through a 1 80-rnesh screen stencil using a pink water- 
based screen printing ink prepared by stirring arid 
homogenizing a mixture of 1 0 parts of a fluorescent pink 
pigment [trade name, Epocolor HM000N; manufac-" 
turned by Nippon Shokiibai ICagaku Kbgyo Co., Ltd.], 60 
parts of an aqueous acrylic emulsion [trade name; 
Pblysol AP-50; manufactured by Showa Highpolymer 
Co., Ltd.], | id parts of water, 5 parts of ethylene glycol, 
0.5 parts of a silicone antifoamer for water-based inte, 3 * 
parts of a thickener for water-based inks, 1 part of a lev- ; 



efing agent and 2 parts of an isocyanate crosslinking 
agent. The ink applied was cured and dried at 1 30°C for 
3 minutes to form a non-color-changing image pattern 
layer 51. Thus, a color-change material 1 was obtained. 

5 [01 88] The color-change material 1 at about 24°C had 
an appearance bearing a fluorescent pink polka dot pat- 
tern on a white background. However, upon cooling with 
cold air to below 15°C, the white background part 
became a wave pattern of yellow and blue colors. This 

io state was maintained at temperatures not higher than 
15°C. However, when the cooling was stopped and this 
color-change material 1 was allowed to stand at room 
temperature, the wave pattern part returned to white. 
[01 89] Subsequently, the color-change material 1 was 

is immersed in water having a temperature of about 20°C. 
As a result, the color-changing porous image pattern 
layer 61 was decolored and became translucent and, 
hence, the color of the non-color-changihg image pat- 
tern layer 51 combined with the color of the substrate A 

so made the whole surface fluorescent-pink. This state 
was maintained in the water. However, when this color- 
change material 1 was immersed in 10°C ice water.the 
color-changing porous image pattern layer 61 becarine - 
colored. As a result, the above state was changed to an 

25 appearance bearing a polka dot pattern of the fluores- 
cent pink cblor attributable to the norircolor-chariging 
image pattern layer 51 on a wave pattern background of 
two colors, i:e , purple color resulting from the mixing of 
blue and fluorescent-pink and red color resulting from: 

30 the mixing of yellow and fluorescerit-pihk. This state 
was maintained in the 10°C ice water. 
[01 90] This color-change material 1 was taken out of 
theice water and allowed to stand at room temperature. 
As a result, the color-change material 1 in a still wet 

35 state changed its appearance from the aforementioned 
state to a wholly pink state. Upon completion of drying, 
the color-change material 1 came to have an appear- 
ance bearing a fluorescent pirik polka dot pattern on a 
white background. 

40 [0191] As demonstrated above, the color-change 
material ' 1 could undergo a variety ^pf changes in 
appearance according to temperature changes, wetting 
by a water medium, arid drying. 
[01 92] These changes in appearance could be repro- 

45 duced repeatedly. ' : " • "" 

EXAMPLE 15 (see Fig. 15) 

[0193] A flower pattern was screen-printed on a 50- 
50 denier white polyester tricot as a substrate 4 with water- 
based orange, pink, blue, yellow, and green inks for fab- 
rics. The inks applied were dried and cured at 120°C for 
about 3 minutes to form a norhcdor-changing image 
pattern layer 51. * 
55 [0194] Subsequently, a reversibly thermochromic blue 
water-based screen printing ink (color-changing mate- 
rial) prepared by stirring and homogenizing a mixture of 
25 parts of a microcapsular pigment containing a 
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reversibly thermochromic material encapsulated therein 
(water content 50 wt%; blue < — > colorless; blue below 
30 9 C, colorless at 30°C and higher), 50 parts of an 
aqueous acrylic emulsion [trade name, Movinyl 967; 
manufactured by Hoechst Gosei K.K.] as a. binder, 15 .5 
parts of water, 3 parts of propylene glycol, 0.5 parts of a 
silicone antifoamer, 3 parts of a thickener for water- 
based inks,, and 5.0 parts of a blocked isocyanate 
crosslinking agent for water-based inks was used to " 
conduct solid.printing through a 80-mesh screen stencil w 
on the whole surface of the non-color-changing image 
pattern layer 51 .' The ink applied was dried and cured at 
1 20°C for 3 minutes to form a reversibly thermochromic 
layer 2/ 

[0195] Furthermore, a heart pattern was printed on is 
the reversibly thermochromic layer 2 through a 150r ; 
mesh' screen stencil using a pink water-based screen 
printing ink (color-changing material) prepared by stir- 
ring and homogenizing a mixture of 30 parts pf a micro- 
capsular pigment containing a reversibly thermochromic 20 
material encapsulated therein (water content, 50 wt%; 
pinker — > colorless; pink below 30°C, colorless at 30 °C 
and higher), 15 parts of wet-process; finely particulate 
silicic acid [trade name, Nipsil E-101 1 ; manufactured by . 
Nippon Silica Industrial Co., Ltd.] as a low-refractive- 25 
index pigment, 55 parts of an aqueous urethane emul- 
sion [trade name. Hydran HW-930;, manufactured by 
Dainippon Ink & Chemicals. Inc.] as a binder, 10 parts of 
water, 3 parts of propylene glycol, 0.5 parts of a silicone , 
antifoamer, 3 : parts of a thickener for water-based inks r 30 
and 4.5 parts of a blocked isocyanate crosslinking agent 
for water-based inks. The ink applied was cured and 
dried at 100°C for 3 minutes tp form a color-changing 
porous image pattern layer 61. Thus, a color-change^ 
material 1 was pbtajnedi . 35 

[019$] The color-change material 1 at 24°C had an 
appearance bearing . a pink heart pattern on a blue 
background. However, when . the color-change material - 
1 was immersed in warm water having a temperature of. 
about 40°C, then the, reversibly thermochromic layer. 2 40 
was : decolored and^the color-changing porous image 
pattern layer 6 was decolored and became translucent, 
whereby, the colorful flower pattern attributable to the 
non-colpr-changing . image pattern layer 51 was perr 
cerved. This state was maintained in the 40°C warm 45 
water. However, when this color-change material 1 was 
immersed in water having a tempe?rature of about 20°C, 
the reversibly thermochromjc , layer 2 and the color- 
changing porous image pattern • layer . 61 became 
colored. As a result, the above state was changed to v an 50 
appearance bearing on a blue background a heart pat- 
tern of purple color, resulting from the mixing of pink and: 
blue. This, state was maintained in the water. Subse- ;<r 
quentiy.this color-change material 1 was taken out : of 
the water and allowed to stand at room temperature. As 55 
a result, the heart pattern gradually turned pink with dry- 
ing. Upon complete drying, the color-change material 1 
came to have an appearance bearing a pink heart pat- 



tern on a blue background. 

[0197] As demonstrated above, the color-change 
material 1 could undergo a variety of changes in 
appearance according to temperature changes, wetting 
by a water medium, and drying. 
[01 98] These changes in appearance could be repro- 
duced repeatedly. 

EXAMPLE 16 (see Fig. 16) 

[0199] Circular, triangular, and rectangular patterns 
were printed on a white polyester satin as a substrate 4 
through a 150^mesh screen stencil using water-based 
screen printing inks of pink, yellow, and blue colors. The 
inks applied were dried and cured at 100°C for 5 min- 
utes to form a non-color-changing image pattern layer 
51. 

[0200] Subsequently, a white water-based screen 
printing ink prepared by stirring and homogenizing a, 
mixture of 15 parts of wet-process finely particulate sil- 
icic acid [trade name, Nipsil E-200 A; manufactured by 
Nippon Silica Industrial Co., Ltd.] as a low-refractive- 
index pigment, 30 parts of an aqueous urethane emul- 
sion [trade name, Hydran HW-920; manufactured by 
Dainippon Ink & Chemicals. Inc.] as a binder, 20 parts of 
water, 3 parts of propylene glycol, 0.5 parts of a silicone 
antifoamer, 3 parts of a thickener for water-based inks, 
and 3.0 parts of a blocked isocyanate crosslinking agent 
for water-based inks was used to conduct solid printing , 
on the non-color-changing image pattern layer 51 
through a 100-mesh screen stencil. The ink applied was 
cured and dried at 130°C for 3 minutes to form a porous 
layer 3. .. ... . 

[02011 Furthermore, a polka dot pattern was printed, 
through a 150-mesh screen stencil on the porous layer 
3 using: a yellow water-based screen printing ink (color-., 
changing material) prepared by stirring and homogeniz- 
ing a mixture of 15 parts of a .microcapsular pigment, 
containing a reversibly thermochromic material encap- 
sulated therein (water content, 50 wt%; yellow 
colorless; yellow below 30°C, colorless at 30°C and 
higher), 15 parts of wet-process finely particulate silicic 
acid [trade name, Nipsil E-101 1; manufactured by Nip- 
pon Silica Industrial Co., Ltd.] as a low-refractive-index 
pigment, 35 parts of an aqueous urethane emulsion 
[trade name, Hydran HW-920; manufactured by Dainip- 
pon Ink & Chemicals, Inc.] as a binder, 15 parts of 
water, 3 parts of propylene glycol, 0.5 parts of a silicone 
antifoamer, 3 parts of a thickener for water-based inks, 
and 3.5 parts of a blocked isocyanate crosslinking agent 
for water-based inks; a blue water-based screen print- 
ing ink (color-changing material) prepared in the same 
manner as the above except that use was made of 15 
parts of a microcapsular pigment containing a reversibly 
thermochromic material encapsulated therein (water 
content, 50 wt%; blue < — ^colorless; blue below 30°C, 
colorless at 30°C and higher); and a pink water-based 
screen printing ink (color-changing material) prepared 
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in the same manner as the above except that use was 
made of 15 parts of a microcapsular pigment containing 
a reversibly thermochromic material encapsulated 
therein (water content. 50 wt%; pink <— ■» colorless; pink 
below 30°C, colorless at 30°C and higher). The inks 5 
applied were cured and dried at 100°C for 3 minutes to 
form a color-changing porous image pattern layer 61. 
Thus, a color-change material 1 was obtained. . 
[0202] The color-change material 1 at 24°C had an 
appearance bearing a polka dot pattern on a white w 
background. However, upon immersion in warm water- 
having a temperature of about 40 6 C; the porous layer 3 
became translucent and the color-changing porous 
image pattern layer 61 was decolored and : became 
translucent As a result, the color-change material ! is 
came to have the colorful pattern of yellow, blue, and 
pink colors attributable to the non-color-changing image 
pattern layer 51 : This state was maintained in the warm 
water/However, upon immersion in water having a tem- 
perature of about 20°C, the color-changing porous 20 
image pattern layer 61 became colored: As a result, the 
color-change material 1 came to have a design where 
circular, triangular, and rectangular patterns! coexisted 
with a polka dot pattern " With respect to color tones, the 
areas where pink and yellow were superposed on each 25 
other assumed red color, those where pink arid blue 
were superposed on each other assumed purple color; 
and those where yellow arid blue were superposed on 
each other assumed green color: 

[0203] The color-change material 1 was taken out of 30 
the water arid allowed to stand at room tenperature; As 
a result, the coloKchange material 1 for a While Had an 
appearance where those patterns coexisted. Upon dry- 
ing/however, it came to have an appearance :bearing<a - 
poika dot pattern on a white background: ' v 35 

[0204] As demonstrated above? the cbior-charige 
material 1 could undergo a variety of changes in 
appearance according to temperature changes, wetting 
by a water medium, knd drying. 

[0205] These changes in appearance could be repro- 40 
duced repeatedly. v v 

COMPARATIVE EXAMPLE 1 '--r 

[0206] A reversibly thermochromic screen printing ink 45 
pr^ared by stirring and homogenizing a mixture of 10 
parts of a microcapsular pigment containing a thermo- 
chromic color-memory material encapsulated therein 
(blue <- — > colorless; blue at T5°C and lower, colorless at 
30°C and higher), 10 parts of an acrylic bstel* emuisiori 50 
(solid content, 50%), 0.2'parts bf a silicone aritifbariier, 
1 part of water, 0.5 parts of ethylene glycol; 6.5 parts of 
a thickener, and 0.5 parts of an isbcyahate cxossliriking 
agent was used to conduct solid printing through a 109- 
mesh. screen stencil on the whole surface of a pink 55 
nylon taffeta as a substrate. The ink applied was dried 
and cured at 130°C for 5 minutes to form a reversibly 
thermochromic layer, thus, a color-change material 



was obtained. 

[0207] Upon cooling to 15°C or lower, the color- 
change material assumed purple color resulting from 
the mixing of the pink of the substrate and the blue of 
the reversibly thermochromic layer. This color tone was 
maintained in a temperature range below 30°C. Upon 
heating to 30°C or higher, the reversibly thermochromic 
layer became colorless and the pink color of the sub- 
strate was perceived. This color tone was maintained in 
a temperature range above 15°C. However, the number 
of posstole changes in color tone was only two and the 
variation was limited. 

COMPARATIVE EXAMPLE 2 

[0208] A white screen printing ink prepared by stirring 
and homogenizing a mixture of 15 parts of a fine silica 
powder [trade name, Nipsi I E- 1011; manufactured by 
Nippon Silica Industrial Go., Ltd.], 45 parts of a polycar- 
bonate urethane emulsion (solid content/ 30%), 20 
parts of water, 0.2 parts of a silicone antrfoamer, 3 parts 
of ethylene glycol, 3 parts of a water-soluble thickener, 
and 1 .5 parts of a blocked isocyanate crbssl inking agent 
was used to conduct printing- through a 180-mesh 
screen stencil on a pink nylon taffeta as a substrate. The 
ink applied was dried and cured at 130°C for 5 minutes 
to form a white porous layer. Thus, a color-change 
material was obtained. • ^ 

[0209] The color-change material in' a dry state was 
white. When the color-change material was brought into 
contact with water, then the porous layer became trans- 
parent and the pink color of the substrkte was per- 
ceived. However, the number of possible 1 changes in 
color tone was only two and the variation was limited. 
[0210] The present invention provides: a color-change 
material having a reversibly thermoehrbrrac layer and a 
porous layer which contains a low-refractive-index pig- 
ment and is capable of becoming transparent or translu- 
cent upon liquid absorption; and a color-change 
material having a substrate and formed thereon a Color- 
changing porous layer which contains a reversibly ther- 
mochromic material, a low-refractfrve-index pigment, 
and a binder and in which the reversibly thermochromic 
material and the pigment are dispersed in the binder 
and tenaciously adherent thereto. These color-change 
materials can effectively exhibit" a variety of color 
changes based on a combination of the function of ther- 
mally changing their colors with changing temperature 
in ah ambient-temperature range and the function of 
changing the degree of transparency between a trans- 
parent state arid an opaque state upon application of a 
medium, ag., water. Since these changes in appear- 
ance can be reversibly reproduced repeatedly, the 
color^change materials can be used in applications in 
the fields of toys, designs, fashion, brnarnents, etc. 
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Claims 

1. A color-change material comprising a reversibly 
thermochromic layer comprising a reversibly ther- 
mochromic material and a porous layer containing 5 
a low-refractive-index pigment; 

wherein said color-change material changes its 
color in response to heat or water. 

2. The color-change material according to claim 1, w 
wherein the reversibly thermochromic layer and the 
porous layer containing a low-refractive-index pig- 
ment are superposed on each other. 

3. The color-change material according to claim 1, is 
wherein the reversibly thermochromic layer and the 
porous layer containing a low-refractive-index pig- 
ment are formed side by side. 

4. The color-change material according to claim 1 , fur- 20 



5. 



6. The color-change material according to claim 1 , fur- 30 
ther comprising a substrate, wherein the porous 
layer is formed on the substrate, and the reversibly 
thermochromic layer is formed on the porous layer. 

7. The color-change material according to claim 6, fur- 35 
ther comprising a porous image pattern layer 
formed on the reversibly thermochromic layer. 

8. The color-change material according to claim 1, 
wherein at least one of the reversibly thermochro- 40 
mic layer and the porous layer is an image pattern 
layer. 

9. The color-change material according to claim 2, f ur- 



10. The color^change material according to claim 9, fur- so 
ther comprising a reversibly thermochromic image 
pattern layer formed on the porous layer. 

1 1 . The color-change material according to claim 2. fur- 
ther comprising a substrate, wherein the porous 55 
layer is formed on the substrate, and the reversibly 
thermochromic layer is formed on the porous layer. 



12. The color-change material according to claim 11, 
further comprising a porous image pattern layer 
formed on the reversibly thermochromic layer. 

13. A color-change material comprising a substrate 
and formed thereon a color-changing porous layer 
which comprises a reversibly thermochromic mate- 
rial a low-refractiverindex pigment, and a binder, 
the reversibly thermochromic material and the pig- 
ment being dispersed in the binder and tenaciously 
adherent thereto. 

14. The color-change material according to claim 9, 
wherein the proportion of the reversibly thermo- 
chromic material to the low-refractive-index pig- 
ment is from 1 :9 to 9:1 by weight. 

15. The color-change material according to claim 9, 
wherein the proportion of the sum of the reversibly 
thermochromic material and the low-refractive- 
index pigment to the binder is from 2:10 to 10:2 by 
weight. 

16. The color-change material according to claim 1, 
wherein said reversibly thermochromic material 
contains an electron-donating color-developing 

1 organic compound, an electron-accepting com- 
pound, and an organic compound medium which 
reversibly causes color reaction. 

17. The color-change material according to claim 16, 
wherein said reversibly thermochromic material is 
enclosed by a microcapsule. 

18. The color-change material according to claim 16, 
wherein a particle diameter of said reversibly ther- 
mochromic material is in the range of 0.1 to 100fim. 

19. The color-change material according to claim 18, 
wherein a particle diameter of said reversibly ther- 
mochromic material is in the range of 1 to SOjim. 

20. The color-change material according to claim 19, 
wherein a particle diameter of said reversibly ther- 
mochromic material is in the range of 2 to 30pm. 

21. The color-change material according to claim 1 f 
wherein said reversibly thermochromic layer com- 
prises said reversibly thermochromic material and a 
vehicle containing a binder, said reversibly thermo- 
chromic material being dispersed into said vehicle. 

22. The color-change material according to claim 21, 
wherein said binder is a transparent film-forming 
resin. 

23. The color-change material according to claim 1, 
wherein said porous layer is a layer containing said 



The color-change material according to claim 1 , fur- 20 
ther comprising a substrate, wherein the reversibly 
thermochromic layer is formed on the substrate, 
and the porous layer is formed on the reversibly 
thermochromic layer. 

25 

The color-change material according to claim 4, fur- 
ther comprising a reversibly thermochromic image 
pattern layer formed on the porous layer. 



35 



The color-change material according to claim 2, fur- 
ther comprising a substrate, wherein the reversibly 45 
thermochromic layer is formed on the substrate, 
and the porous layer is formed on the reversibly 
thermochromic layer. 
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low-refractive-index pigment dispersed in a binder 
resin. 

24. The color-change material according to claim 1, 
wherein a refractive index of said low-refractive- 5 
index pigment is in the range of 1 .4 to 1 . 7. 

25. the color-change material according. to claim 1, ---- 
wherein a particle diameter of said low-refractive- 
index pigment is in the range of 0.03 to 1 0.Ojim. 10 
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